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ABSTBACT
T h is  t h e s i s  d i s c u s s e s  t h e  r e s u l t s  o b t a i n e d  by  e x p e r i ­
m e n ts  c a r r i e d  o u t  on t h e  f r i c t i o n  o f  ’F a b r i c 1 m a t e r i a l .
I t  p r e s e n t s  a  g e n e r a l  a n a l y s i s  o f  t h e  s u i t a b i l i t y  o f  
c o t t o n ,  a s b e s t o s ,  and  m e t a l s  a s  f r i c t i o n  m a t e r i a l s ,  and  
t h e  c o m b in a t io n  o f  t h e s e  m a t e r i a l s  i n  bonded  fo rm  a s  
b r a k e  an d  c l u t c h  l i n i n g s .  The t e s t s  t o  be  d e s c r i b e d  
w ere  c a r r i e d  o u t  i n  o r d e r  t o  d e te r m in e  t h e  c o e f f i c i e n t  o f  
f r i c t i o n ,  w e a r  p r o p e r t i e s ,  and  g e n e r a l  b e h a v i o u r  o f  a few 
o f  t h e  many f a b r i c  m a t e r i a l s  u n d e r  v a r y i n g  c o n d i t i o n s  o f  
l o a d ,  r u b b in g  s p e e d ,  and t e m p e r a t u r e .
S p e c i a l  s t u d y  h a s  b e e n  g iv e n  t o  t h e  v a r i a t i o n  o f  f r i c ­
t i o n a l  r e s i s t a n c e  a t  sp e e d s  v a r y i n g  f ro m  0 .5  t o  50 f e e t  
p e r  m in u te .  I t  h a s  b e e n  shown, t h a t  w i t h  a  c o t t o n  bonded  
f a b r i c  t h e  f r i c t i o n a l  r e s i s t a n c e  i s  v e r y  h i g h  a t  nc r a w l  
speeds**, and  g r a d u a l l y  d im in i s h e s  a s  t h e  s p e e d  i n c r e a s e s .  
The e f f e c t  o f  t e m p e r a t u r e  on t h e  w e a r  o f  f a b r i c  m a t e r i a l  
and  on t h e  d e s t r u c t i o n  o f  t h e  b i n d e r  u s e d  h a s  a l s o  b e e n  
s t u d i e d .  T h ro u g h o u t th e  e x p e r im e n t s  i t  h a s  b e e n  n o te d  
t h a t  a  t h i n  f i l m  o f  i r o n  o x id e  ch an g es  th e  v a l u e  o f  t h e  
c o e f f i c i e n t  o f  f r i c t i o n  a lm o s t  a s  much a s  a  f i l m  o f  o i l .
iKTBODPCTION
The d e s i r e  t o  h a v e  a  b r a k e  o r  c l u t c h  l i n i n g  w h ic h  
w o u ld  g i v e  a  h i g h e r  c o e f f i c i e n t  o f  f r i c t i o n ,  a  g r e a t e r  
d i s s i p a t i o n  o f  h e a t  w i t h o u t  b u r n in g  o r  s p a r k i n g ,  an d  a s  
g r e a t  i f  n o t  g r e a t e r  d u r a b i l i t y  t h a n  c a s t  i r o n  o r  s t e e l ,  
h a s  b e e n  t h e  i n c e n t i v e  to w a rd s  t h e  m a n u f a c tu re  o f  f a b r i c  
m a t e r i a l s . E s p e c i a l l y  h a s  t h e  d e v e lo p m e n t  o f  e l e c t r i c  
t r a i n s  a n d  m o to r  c a r s  p ro d u c e d  a  g r e a t  demand f o r  d e p e n d ­
a b l e  f a b r i c  l i n i n g s . A l th o u g h  s u c h  l i n i n g s  h a v e  b e e n  
shown i n  p r a c t i c e  t o  p o s s e s s  econom ic  a n d  m e c h a n ic a l  a d ­
v a n t a g e s ,  l i t t l e  h a s  b een  p u b l i s h e d  c o n c e r n in g  t h e i r  f u n d a ­
m e n ta l  p r o p e r t i e s .
The i n c r e a s i n g  n e e d  f o r  v e r i f i c a t i o n  by a c t u a l  e x p e r i ­
m en t  o f  t h e  r e s u l t s  c la im e d  by  v a r i o u s  m akers  h a s  p ro m p ted  
t h i s  r e s e a r c h  w o rk .  The d i f f e r e n t  f a b r i c s  t e s t e d  a r e  
g iv e n  b y  t h e i r  t r a d e  names -  ( i )  !F e ro d o  F i b r e 1 w h ic h  i s  a  
woven im p re g n a te d  c o t t o n ;  ( i i )  ’F e r o b e s t o s 1 i s  a  woven 
im p re g n a te d  a s b e s t o s ;  ( i i i )  'F e ro d o  Bonded A s b e s t o s 1,
( i v )  ’B re k o * ,  (v )  Checko, ( v i )  R a y b e s to s  w h ic h  a r e  made 
m a in ly  o f  bonded  a s b e s t o s  woven on t o  a  c o p p e r ,  b r a s s ,  o r  
w h i t e - m e t a l  w i r e  r e i n f o r c e m e n t ,  and  im p re g n a te d  w i t h  a  b i n d ­
in g  m a t e r i a l ;  ( v i i )  l o c o ,  ( v i i i )  F a b r o i l ,  w h ic h  a r e  made 
by  h y d r a u l i c a l l y  p r e s s i n g  t o g e t h e r  im p re g n a te d  l a y e r s  o f  
woven c o t t o n  o r  d u c k .  I n  a d d i t i o n  t o  t h e s e  e i g h t  m a t e r i a l s  
w h ic h  fo rm  t h e  m ain  t e s t  m a t e r i a l s  t o  be  ex am in ed ,  com par­
a t i v e  t e s t s  w ere  made on b r o n z e ,  wood, l e a t h e r  and 1g a t e x 1 
( s p e c i a l  b e l t i n g  m a t e r i a l ) .
A m ic r o s c o p ic  e x a m in a t io n  o f  t h e  m a t e r i a l  showed t h a t  
i te m  ( i i i )  c o n t a i n e d  p r o b a b ly  up  t o  30 p e r  c e n t  o f  c o t t o n ;  
i t e m  ( i v )  was a lm o s t  e n t i r e l y  p u re  a s b e s t o s  woven w i t h  b r a s s  
w i r e  r e i n f o r c e m e n t .  The amount o f  w i r e  i s  a  v a r y i n g
q u a n t i t y  n o t  o n ly  I n  t h e  d i f f e r e n t  f a b r i c s ,  b u t  a l s o  on 
t h e  s u c c e s s i v e  l a y e r s  o f  t h e  same f a b r i c ,  ( s e e  f i g u r e  2a ) .
The i t e m s  ( v i i )  and  ( v i i i )  a r e  f a b r i c a t e d  m a t e r i a l  
u s e d  f o r  w h e e l  t e e t h  an d  f r i c t i o n  d i s c s ,  m a n u f a c tu re d  t o  
t a k e  t h e  p l a c e  o f  r a w h id e  and c o m p re sse d  p a p e r .  T hese  
m a t e r i a l s  a r e  u s e d  f o r  b e a r i n g  b u s h e s  w here  w a t e r  i s  u s e d  
a s  t h e  l u b r i c a n t .
The s u r f a c e  a g a i n s t  w h ic h  a l l  t h e s e  m a t e r i a l s  w ere  
r u n  was c a s t  i r o n .  T h is  c a s t  i r o n  s u r f a c e  was m a in t a in e d  
a t  c o n s t a n t  t e m p e r a t u r e  e i t h e r  by a  s u p p ly  o f  c o o l i n g  
w a t e r ,  o r  by h e a t  f ro m  g a s  b u r n e r s .
PRELIMINARY TESTS
I n  o r d e r  t o  r e c o g n i z e  t h e  m a in  d i f f e r e n c e s  b e tw e e n  
t h e  a s b e s t o s ,  c o t t o n ,  and  c o t t o n - a s b e s t o s  l i n i n g  m a t e r i a l  
p r e l i m i n a r y  m i c r o s c o p i c  e x a m in a t io n  was m ade. Exam ples 
o f  C a n a d ia n  a n d  R u s s i a n  m ined  a s b e s t o s  w ere  exam ined .
F i g .  1 ( a )  shows t h e  m a t e r i a l  a s  m in ed  w i t h  i t s  lo n g  
s t r a i g h t  s l i p p e r y  f i b r e s .  The m ic r o - p h o t o g r a p h s ,  F i g .  1 (b) 
and  F i g .  1 (c )  show r e s p e c t i v e l y  t h e  c o t t o n  an d  a s b e s t o s  
p a r t l y  f i n i s h e d  r e a d y  f o r  s p i n n i n g  i n t o  t h r e a d s  f o r  w e a v in g .  
F i g .  2 i l l u s t r a t e s  b r a k e  l i n i n g s ,  one o f  p u re  c o t t o n  w h ic h  
i s  r e a d i l y  r e c o g n i z e d  by i t s  t w i s t e d  h a r d  s h o r t  f i b r e ,  and  
t h e  o t h e r  a  30% c o t t o n - a s b e s t o s  woven m a t e r i a l .
(&) To compare p u re  a s b e s t o s  w i t h  c o t t o n  ( F ig .  1 (b) 
and  F i g .  1 ( c ) )  a s  a  b r a k i n g  m a t e r i a l ,  a  pad  o f  a s b e s t o s  
was u s e d  a s  a  b r a k e  t o  s t o p  a  s m a l l  h e a v y  r o t a t i n g  f l y ­
w h e e l .  The p r e s s u r e  was a p p l i e d  t o  t h e  p ad  b y  s p r i n g s  
o f  known s t r e n g t h .  A s i m i l a r  pad o f  c o t t o n  was s u b ­
s t i t u t e d  f o r  t h e  a s b e s t o s  and f u r t h e r  t e s t s  c a r r i e d  o u t  
u n d e r  t h e  same p r e s s u r e  c o n d i t i o n .  I n  a l l  t h e  e x p e r im e n ts  
t h e  c o t t o n  pad  to o k  a more su d d en  g r i p ,  c a u s in g  v i b r a t i o n s  
o r  j e r k y  m o t io n  i n  t h e  s lo w in g  up  o f  t h e  f l y w h e e l .  I t  
was a l s o  fo u n d  t h a t  th e  c o t t o n  s u r f a c e  became g l a z e d .  A 
r u b b in g  w e a r  t e s t  was c a r r i e d  o u t  on t h e  same m a t e r i a l s ,  
and  i t  was o b s e rv e d  t h a t ,  w i t h  t e m p e r a t u r e s  o f  r im  a b o u t  180° 
t h e  w e a r  o n  th e  c o t t o n  pad  p i e c e  became v e r y  r a p i d .  The 
w ear  o f  th e  a s b e s t o s  pad  was i n a p p r e c i a b l e .  These  p r e ­
l i m i n a r y  e x p e r im e n ts  showed t h a t  c o t t o n  a s  a  f r i c t i o n - f a b r i c  
m a t e r i a l  m ig h t  p o s s e s s  u n s u i t a b l e  q u a l i t i e s .
(b )  C om parison  was made o f  t h e  d i f f e r e n t  b in d in g  
m a t e r i a l  u s e d .  Sam ples o f  t h e  f a b r i c s  ( i . e .  v i i i )  w ere
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p l a c e d  i n  a  v e s s e l  w h ic h  was s u p p l i e d  w i t h  s te a m  a t  a 
p r e s s u r e  o f  80 t o  100 l b . / i n  . The s te a m  d i d  n o t  b u r n  
t h e  c o t t o n  f a b r i c s ,  b u t  a f t e r  a  s h o r t  p e r i o d  o f  i t s  a p p l i c a ­
t i o n  t h e  b i n d i n g  m a t e r i a l  was d e s t r o y e d .  The sam p les  o f  
f a b r i c s  w ere  a l s o  p l a c e d  i n  c o l d  w a t e r ,  and i n  h o t  w a t e r  
w i t h  r u s t  i n  s u s p e n s i o n .  The r e s u l t s  showed t h a t  th e  
s y n t h e t i c  r e s i n  u s e d  h a d  fo rm e d  a  good w e a t h e r - p r o o f i n g  
and  r u s t - r e s i s t i n g  s u r f a c e .  S i m i l a r  t e s t s  w i t h  s u l p h u r i c  and 
n i t r i c  a c i d  showed t h a t  o n ly  t h e  l a t t e r  h a d  an y  e f f e c t  on 
t h e  s u r f a c e  o f  t h e  b r a k e  l i n i n g s .
(£ )  C a r b o n i z a t i o n  t e s t s  w e re  c a r r i e d  o u t  i n  a  s m a l l  
e l e c t r i c  f u r n a c e  i n  o r d e r  t o  t e s t  how much c o m b u s t ib l e  
m a t e r i a l  e a c h  f a b r i c  c o n t a i n e d .  The w e ig h t  a t  1 0 0 ° ,  2 0 0 ° ,  
300°  and  4 0 0 °  F .  was n o t e d .  At 50 0 °  F .  t h e  im p r e g n a t io n  
m a t e r i a l  becam e p l a s t i c ,  and f a i l e d  a s  a  b i n d i n g  s u b s t a n c e  
a t  6 0 0 °  F .  The p u re  a s b e s t o s  b r a k e  l i n i n g s  showed no 
change  o f  w e ig h t  a t  4 0 0 °  F . ,  b u t  t h e  w e ig h t  o f  o t h e r s  
v a r i e d  from  7 t o  30 p e r  c e n t ,  o f  i n i t i a l  w e i g h t ,  t h e  i n ­
f lam m ab le  m a t e r i a l  b e i n g  c o t t o n  u s e d  i n  t h e  w e a v in g  p r o c e s s .
(d )  The t e n s i l e  s t r e s s  o f  th e  v a r i o u s  f r i c t i o n  f a b r i c s  
v a r i e d  from  3500 t o  5000: l b .  p e r  i n 2 ; t h e  c o m p re s s iv e  
p r e s s u r e  w i t h  m e a s u ra b le  r e d u c t i o n  i n  t h i c k n e s s  was 1 , 0 0 0
t o  2 , 0 0 0  l b .  p e r  i n 2 ; t h e  w e ig h t  p e r  c u b ic  i n c h  was 30 
grammes f o r  m a t e r i a l  woven on b r a s s  w i r e ,  a n d  f o r  m a t e r i a l  
w i t h o u t  m e ta l  15 t o  20 grammes. A t 4 0 0 °  F . ,  and w i t h  a  
p r e s s u r e  o f  o n ly  300 l b .  p e r  s q .  I n . ,  c a r b o n i z a t i o n  to o k  
p l a c e  and  th e  l i n i n g  c h a r r e d .
(e)  L a b o ra to r y  t e s t s  u s i n g  f l a t  sm ooth  c a s t  s u r f a c e  
( h o r i z o n t a l  and i n c l i n e d )  a l s o  s p e c i a l l y  d e s ig n e d  a p p a r a tu s  
t o  g iv e  c o n s t a n t  p u l l  a r e  d e s c r i b e d  l a t e r ,  F i g .  7 . ( p .1 2 a . )
( f ) A b r a s io n  t e s t s  w ere  c a r r i e d  o u t  w i th  t h e  s e v e r a l  
b r a k e  l i n i n g s ;  i t  was fo u n d  t h a t  t h e  g r i n d i n g  c o u l d  o n ly  
be  c a r r i e d  o u t  s u c c e s s f u l l y  on  t h e  f a b r i c s  w h ic h  w ere  woven 
on b r a s s  w i r e .
More c o m p le te  t e s t s  w ere  c a r r i e d  o u t  on a  d ro p  s ta m p ,  
w here a  w e ig h t  o f  one t o n  was l i f t e d  th ro u g h  15 f e e t  a t  a 
s p e e d  o f  1000  f t .  p e r  m i n . , by means o f  a  f e r o d o  b e l t  
p r e s s i n g  on th e  r im  o f  a  f r ic t io n  w h e e l  w i t h  a n  a v e ra g e  
p r e s s u r e  o f  100 l b .  p e r  s q .  i n .  T hese  t e s t s  l a s t e d  o n ly  
f o r  20 to  30 m i n u t e s .  I n  t h i s  t im e  t h e  f r i c t i o n  w h e e l  
w h ic h  was a i r - c o o l e d ,  ch an g ed  i t s  t e m p e r a t u r e  f rom  80° 
(S m ith y  t e m p e r a t u r e )  t o  52 0 °  F .  When t h e  w ork done  e x ­
c e e d e d  5 0 ,0 0 0  f t .  l b .  p e r  m in u te  p e r  s q .  i n .  o f  f e r o d o  
e x c e s s i v e  w ea r  to o k  p l a c e .  The a u t h o r  was a l s o  a b l e  to  
make a c o m p a r iso n  b e tw e e n  a  one t o n  M assey  s tam p u s i n g  (a )  
w a t e r - c o o l e d  drum w i t h  wood b lo c k s  a s  b r a k e  m a t e r i a l ,  and
(b) f a b r i c  l i n i n g  w i t h  a i r - c o o l i n g  o n ly .  E x p e r im e n ts  
w ere c a r r i e d  o u t  a t  t h e  w orks o f  t h e  O a r t s h e r r i e  E n g in e e r in g  
Co. F o r  c o n t in u o u s  w o rk in g  th e  b r a k e  l i n i n g s  c o n t a i n i n g  
c o t t o n  w ere  m ost u n s a t i s f a c t o r y  and  th e  d ro p  s tam p h a d  to  
s t a n d  u n t i l  th e  b r a k e  c o o le d .  From m e a su rem en ts  o f  t h e  
w ear  d u r i n g  t h e s e  t e s t s  i t  Y*as fo u n d  t h a t  t a k i n g  c a s t  i r o n  
a s  t h e  s t a n d a r d ,  th e  f o l l o w i n g  w ear r a t i o s  w ere  o b t a i n e d : -  
c a s t  i r o n  on c a s t  i r o n  l / l 5 a s b e s t o s  on c a s t  i r o n  12/ 1 ; 
c o t t o n  on c a s t  i r o n  2 6 /1 .
TESTING- MACHINE
A m achine  was d e s ig n e d  on w h ic h  t h r e e  s e r i e s  o f  t e s t s  
c o u ld  be c a r r i e d  o u t ;  t h e  f i r s t  o f  t h e  s e r i e s  c o v e r in g  a 
r a n g e  o f  s p e e d  from  0 .2 6  t o  20 0 0  f e e t  p e r  m in u te ;  s p e c i a l  
a t t e n t i o n  b e i n g  g iv e n  t o  th e  sp e e d s  b e tw e e n  0 .6  and 55 f t .  
p e r  m in u te  ( Mc ra w l  s p e e d s * )• The amount o f  d r a g  on th e  
f a b r i c  m a t e r i a l  was m e a su re d .
I n  t h e  seco n d  s e r i e s  th e  same s p e e d s  w ere  em ployed
b u t  t h e  t e m p e r a t u r e  was to  be v a r i e d  f ro m  55° t o  50G°F.
T h is  c o u ld  be d o n e 'b y  a  v a r i a t i o n  o f  t h e  a p p l i e d  p r e s s u r e  
b e tw een  t h e  f a b r i c  and t h e  w h e e l ,  o r  by t h e  a p p l i c a t i o n  
o f  e x t e r n a l  h e a t i n g .  The t e m p e r a t u r e  o f  t h e  r u b b in g  
s u r f a c e  : m ea su re d  by a  therm o e le m e n t  i n  w h ich
a  s m a l l  c o p p e r  w i r e  i s  em bedded. The p e r fo rm a n c e  i s  a  
m easu re  o f  P^ ^ / u/ > = c o e f f i c i e n t  o f  f r i c t i o n ,
p  -  r a d i a l  p r e s s u r e  on c o n t a c t  s u r f a c e ,  /$  s  b r a k e  
c o v e r in g  o r  r u b b in g  s u r f a c e ;  t h e  a v e r a g e  s l i p  v e l o c i t y  
i s  m e a su re d .  The t h i r d  s e r i e s  i s  a  w ear o r  f a t i g u e  t e s t ,  
m e asu rem en ts  f o r  w hich may be i n  t h o u s a n d th s  o f  an in c h  
o f  w e a r ,  o r  grammes w e ig h t  l o s s  o f  m a t e r i a l .
The m a c h in e ,  on w hich  th e  f i r s t  s e r i e s  o f  t e s t s  was 
c a r r i e d  o u t ,  i s  i l l u s t r a t e d  i n  F i g s .  3 and 4 ,  a l s o  F i g s .
5 ( a )  and 5 ( b ) .  T h is  m ach ine  h a s  b een  f u l l y  d e s c r i b e d  i n  a
, ft)p r e v i o u s  work and o n ly  t h e  m ain f e a t u r e s  a r e  m e n t io n e d  
h e r e .  B e f e r r i n g  to  t h e s e  f i g u r e s ,  D i s  a  e a s t  i r o n  v/heel 
d r i v e n  a t  a  u n i fo rm  sp e e d  by an e l e c t r i c  m o to r ,  t h e  d r i v e  
b e in g  ta k e n  by an a r ra n g e m e n t  o f  b e l t  d r i v e s ,  an e p i c y c l i c  
g e a r ,  and  a  s p e c i a l l y  g e a r e d  l a t h e  r u n n in g  h e a d s to c k .  
P r e s s i n g  on th e  r im  o f  t h e  b r a k e -w h e e l  i s  a  b lo c k  E w h ich  
c a r r i e s  f o u r  p ads  o f  f r i c t i o n  f a b r i c  m a t e r i a l ,  F , and th e  
v a r i a b l e  l o a d ,  W. T h is  pad  h o l d e r  f l o a t s  on th e  r im  o f  t h e  
w h ee l and i s  c o n n e c te d  by means o f  l i n k s  t o  b e l l  c r a n k s ,  G, 
w h ich  a r e  f i t t e d  w i th  w e l l  l u b r i c a t e d  b a l l  b e a r in g ® .
The o t h e r  e n d s  o f  t h e  b e l l -  c ra n k  l e v e r s  a r e  c o n n e c te d  to  
a  d a s h p o t  H, and a  s p r i n g  b a l a n c e ,  S.
The. o b j e c t  o f  t h e  d a s h p o t  was to  damp o u t  a n y  v i b r a t i o n  
w hich  m ig h t  be s e t  u p ,  and a l s o  to  b a la n c e  th e  l i n k a g e s  
a t t a c h e d  t o  t h e  s p r in g  b a l a n c e .  The p o s i t i o n  o f  th e  f a b r i c  
f r i c t i o n  m a t e r i a l  on t h e  b r a k e  w hee l c o u ld  r e a d i l y  be 
a d j u s t e d  a t  e ach  change o f  c o n d i t i o n s .  I t  w i l l  be s e e n  
t h a t  w i th  t h i s  a r ra n g e m e n t  t h e  p u l l  e x e r t e d  by th e  f r i c t i o n  
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m a t e r i a l ,  when t h e  w h ee l i s  r o t a t i n g  a g a i n s t  i t ,  i s  
t r a n s m i t t e d  t o  t h e  s p r i n g  b a l a n c e ;  ( a  w e ig h in g  m ach ine  
was s u b s t i t u t e d  f o r  t h e  s p r i n g  b a l a n c e  i n  th e  l u b r i c a t e d  
m a t e r i a l  t e s t s . ) *  The arm s o f  t h e  b e l l - c r a n k s ,  G, a r e  
o f  u n e q u a l  l e n g t h s ,  th e  l e v e r a g e  b e in g  2 t o  1 , m aking t h e  
p u l l  on t h e  s p r i n g  b a l a n c e  P = w/ g  i b .
The a d v a n ta g e s  c la im e d  f o r  th e  m achine  a s  d e s ig n e d  a r e  
d i r e c t  a p p l i c a t i o n  o f  lo a d  w i th  no t w i s t i n g  a c t i o n ;  
d i r e c t  r e a d i n g s  o f  p u l l  w i t h  no t i l t i n g  a c t i o n ;  e a s y  
a d ju s tm e n t  o f  l o a d i n g  and  change  o f  s p e e d .  T h is  m achine 
can  r e a d i l y  be a d a p te d  t o  c a r r y  o u t  s t a t i c  f r i c t i o n  t e s t s .  
The b r a k e  w h ee l can  be f i x e d  to  k eep  i t  f rom  t u r n i n g  and 
th e  f r i c t i o n  m a t e r i a l  a l lo w e d  t o  s l i p  on th e  r im .  The w ear 
w h ich  t a k e s  p l a c e  i n  t h e  m a t e r i a l  can  r e a d i l y  be m easu red  
even  w i th  th e  m achine  r u n n in g  d u r in g  e n d u ra n c e  t e s t s .
E i t h e r  a s u p p ly  o f  c o o l i n g  w a te r  was a p p l i e d  to  th e  
u n d e r s i d e  i f  t h e  r im  o f  th e  b r a k e  w h e e l ,  o r  a  s u p p ly  o f  
h e a t  from  b u n sen  b u r n e r s  a p p l i e d  to  t h e  c h a n n e l  s e c t i o n  
r im ,  P i g . 3 ,  p ag e  11 .
A d i a g r a m a t i e  p l a n  v iew  o f  th e  d r i v e  o f  t h e  m ach ine  i s
shown i n  F ig .  5 ( b ) .  The main s h a f t ,  M .S . ,  i s  d r iv e n  by
th e  m o to r  w hich r u n s  a t  a p p r o x im a te ly  c o n s t a n t  s p e e d .
The d r i v e  i s  t a k e n  by e i t h e r  o f  two b e l t s  (1 and 2) t o  th e
c o u n te r  s h a f t ,  C .S .  The p u l l e y  o f  b e l t ,  2 , c o n t a i n s  an
e p i c y c l i c  g e a r  w h ich  may be u s e d  e i t h e r  d i r e c t ,  o r  w i t h
100 to  1 r e d u c t i o n .  Thus in  t h i s  g e a r  t h r e e  sp eed s  may be
o b t a i n e d ,  r e p r e s e n t e d  by 1 ,  2 , and e .  The d r i v e  from  th e
c o u n t e r s h a f t  to  th e  g e a r  box i s  t a k e n  by a  t h r e e  sp eed  cone 
a
p u l l e y ,  g i v i n g / f u r t h e r  t h r e e  s p e e d ,  a ,  h ,  and  c .
F i n a l l y ,  th e  t u r r e t - h e a d - l a t h e  g e a r  box g iv e s  a  f u r t h e r  
t h r e e /
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t h r e e  s p e e d  v a r i a t i o n ,  A, B, and C . ,  so t h a t  by t a k i n g  
a l l  t h e  p o s s i b l e  a r r a n g e m e n ts  o f  t h e s e  d r i v e s  27 sp e e d s  
may be  o b t a i n e d .  Gaps i n  t h e  s p e e d s  may be b r id g e d  by 
c h a n g in g  th e  sp e e d  o f  t h e  m o to r  by a d ju s tm e n t  o f  t h e  b r u s h e s .
On t h e  26 in c h  d ia m e te r  b r a k e  w h ee l t h e  minimum r im  
sp e e d  was 0*26 f t .  p e r  m i n . ,  and th e  maximum n e a r l y  2000  f t .
p e r  m in . To a v o id  c h a n g in g  th e  s p e e d  o f  t h e  m o to r ,  
p u l l e y ,  x ,  was r e p l a c e d  by one f o u r  t im e s  th e  s i z e ,  and in  
t h i s  way a  v e r y  c o m p le te  and c l o s e  r a n g e  o f  s p e e d s  c o u ld  be 
o b t a i n e d ,  e s p e c i a l l y  a t  t h e  lo w e r  s p e e d s .
T e m p e ra tu re s  a t  t h e  i n t e r f a c e  w ere  m easu red  by 
c a l i b r a t e d  i r o n - e u r e k a  th e r m o c o u p le s .  The w i r e  was n o t  
a l lo w e d  t o  r u b  on th e  s u r f a c e  o f  th e  w h ee l  D, b u t  two w i r e s  
p a s s e d  i n t o  t h e  f a b r i c  f r i c t i o n  m a t e r i a l  v e r y  c l o s e l y  to  th e  
o u t e r  s u r f a c e ,  and two to u c h e d  th e  i n n e r  s u r f a c e .
The w i r e s  w ere  i n s u l a t e d  from  t h e  c a s t  i r o n  bfcake b lo c k  
by p o r c e l a i n  t u b e s .  Leads t o  t h e  p o t e n t i o m e t e r  w ere  so 
a r r a n g e d  a s  to  c a u s e  no d i f f i c u l t y  w i th  f r i c t i o n  t e s t .
TEST PBOCEDUBE
S t a t i c  F r i c t i o n  and Low Sneed  Tesf.g -  B e fo re  any  
r u n n in g  t e s t s  w ere c a r r i e d  o u t ,  an  a t t e m p t  was made to  
d e te r m in e  th e  s t a t i c  f r i c t i o n  o f  th e  d i f f e r e n t  f a b r i c d .
The s u r f a c e  o f  th e  b ra k e  r im  was w ashed w i th  p e t r o le u m  
e t h e r .  The p a d s  o f  b r a k e  m a t e r i a l  had  b een  p r e v i o u s l y
f i t t e d  to  th e  c u r v a t u r e  o f  th e  w h e e l  r im .  A lo n g  ru n  
was th e n  made, heav y  lo a d s  w ere  a p p l i e d  by means o f  & c e n t r a l  
s p r i n g  b a la n c e  a t t a c h m e n t ,  t h e  t e m p e r a tu r e  r o s e  g r a d u a l l y  to  
550°F . The c o m p a ra t iv e  v a l u e s  o f  t h e  c o e f f i c i e n t  o f
f r i c t i o n ,  w i th  th e  d i f f e r e n t  m a t e r i a l s  d u r in g  t h i s  p r e l i m i n a r y  
r u n n in g ,  a r e  shown in  t h e  u p p e r  p a r t  o f  F i g . 6 . ,  page 14, 
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b a s e ,  " shown a s  a  m a t t e r  o f  i n t e r e s t .
When a  good r u b b in g  s u r f a c e  was o b t a i n e d ,  i . e .  t h e  
f r i c t i o n  f a b r i c  embedded on t h e  w h e e l ,  t h e  w h ee l was lo c k e d  
so t h a t  no m o tio n  c o u ld  t a k e  p l a c e .  The b a l a n c e  and
d a s h p o t  r o d s  w ere  rem oved l e a v i n g  o n ly  th e  b lo c k  E w i th  
l i n k s  and b e l l - c r a n k s .  V a ry in g  l o a d s ,  W, w ere p l a c e d  on 
th e  b lo c k  E, and known w e ig h t s  w ere hung on t h e  end o f  th e  
r i g h t - h a n d  b e l l - c r a n k  u n t i l  t h e  b lo c k  b egan  to  move.
The l a r g e s t  w e i g h t ,  P ,  w h ich  c o u ld  be a p p l i e d  t o  t h e  b e l l -  
c r a n k  and ’ c a u s e  u n i f o r m  m o tio n  o f  t h e  b lo c k ,  E,
was t a k e n  a s  t h e  s t a t i c  p u l l ,  L f f e c h v e  f i t / / ' ,  '2 P
T h is  was v e r i f i e d  by a p p ly in g  w e ig h t s  to  th e  l e f t - h a n d  b e l l -  
c ra n k  u n t i l  m o t io n  to o k  p l a c e  i n  t h e  o p p o s i t e  d i r e c t i o n .
The d i f f e r e n c e  i n  t h e  v a lu e  o f  th e  w e ig h ts  on th e  r i g h t  and 
l e f t  hand  l e v e r s  was t a k e n  a s  t h e  p u l l  and th e  a v e ra g e  o f  a 
number o f  such  r e a d i n g s  was ta k e n  a s  th e  f i n a l  r e a d i n g .
T a b le s  f o r  S t a t i c  F r i c t i o n  T e s t s .  (T a b le  l ) .
I I .  f e r o d o *  Bonded A s b e s to s I .  'F erodo*  F i b r e
W l b . / i n 2 tr l b . W l b . / i n 2 W l b .
7 3*95 0-31 7 4*0 0*57
14 5*2 0*37 12*1 6*8 0 -5 6
28 9* 2 0*33 1 7 -2 9 -9 0-57
42 1 4-8 0*35 22*3 1 3 -2 0*57
56 20*8 0-37 27-4 15*0 0-55
66*2 22-4 0 -3 2 32-5 18-2 0-55
76*4 24*4 0*32 35*4 23*2 0-66
8 6 .6 2 6 .8 0 .3 1 4 4 .6 2 9 .0 0 .6 5
IV. *Breko* V I. B a y b e s to s
7 2*6 0 • 37 7 3-0 0 -4 3
12-1 4 -2 0*35 12-L 4*4 0 * 36
1 7 -2 6 -2 0 • 34 1 7 -2 6-8 0 .4 0
2 2 .3 7 .6 0 .3 4 2 2 .3 8 -4 0*38
2 7 .4 9 .2 0-34 27-4 10*4 0*38
3 2 .5 1 1 -2 0 -3 4 5 32-5 12-0 0*37
3 5 .4 10*4 0 * 31 35*4 10*0 0-29
4 4 -6 1 2 .8 0 .2 9 44* 6 1 2 .8 0 -29
T h e s e /
T hese  e x p e r i m e n t a l  r e s u l t s  h a v e  b e e n  c a r r i e d  o u t  u n d e r  
t h e  u s u a l  v e r y  d i f f i c u l t  m eans o f  th e  i n v e s t i g a t o r  h a v in g  
to  t e l l  when u n i fo r m  m o t io n  b e g i n s  and  w h e th e r  i t  i s  
c o n t i n u o u s .
F u r t h e r  s t a t i c  f r i c t i o n  t e s t s  w ere  made u s i n g  a  lo n g  
c a s t  i r o n  runw ay , t h e  s u r f a c e  o f  w h ic h  was much t h e  same a s  
t h e  s u r f a c e  o f  t h e  b r a k e  w h e e l .  T h is  gave a much lo n g e r  
d i s t a n c e  t o  t r a v e l ,  b u t  t h e  same d i f f i c u l t i e s  w ere  i n h e r e n t .  
As a c h e c k  on p r e v i o u s  r e s u l t s  t h i s  t e s t  p ro v e d  q u i t e  s a t i s ­
f a c t o r y ,  sho w in g  t h a t  t h e  two c a s t  i r o n  s u r f a c e s  w ere  
v e r y  s i m i l a r .
A u x i l i a r y  T e s t i n g  M achine -  I n  o r d e r  t o  make c e r t a i n  
t h a t  t h e  c o e f f i c i e n t  o f  f r i c t i o n  a t  v e r y  s lo w  s p e e d s  was 
c o r r e c t ,  a  s m a l l  v a r i a b l e  g e a r  m ach in e  was p u t  t o g e t h e r ,  
and  t h i s  was u s e d  w i t h  a n  a u to m a t ic  r e c o r d i n g  a r r a n g e m e n t .  
T h is  a u x i l i a r y  m ach ine  was d r i v e n  from  th e  m ain  s h a f t  o f  
th e  f r i c t i o n  m a c h in e ,  and  c o u ld  be made t o  g iv e  c o n t i n u o u s l y  
v a r y i n g  r u b b in g  v e l o c i t y *  ,
F i g .  7 shows a  c o n i c a l  g ro o v ed  drum d r i v e n  a t  a c o n ­
s t a n t  s p e e d  by a  n a rro w  b e l t  f rom  t h e  end  o f  t h e  g e a r -  
l a t h e  h e a d s t o c k .  The drum s h a f t  h a s  b e e n  e x te n d e d  t o  form  
a  r o l l e r  o v e r  w h ic h  a  s t r i p  o f  p a p e r  t r a v e l s .  The p u l l  
c o rd  p a s s e s  o v e r  a g u id e  p u l l e y  m ounted on a  s w iv e l  b e a r i n g  
su sp en d ed  from  a s p r i n g .  The p u l l  on th e  t r o l l e y  c o rd  
g iv e s  a  d e f l e c t i o n  o f  th e  p u l l e y  v a r y i n g  i n  a c c o rd a n c e  w i th  
t h e  m a g n i tu d e  o f  t h e  p u l l  on t h e  f r i c t i o n  f a b r i c .  These  
s p r i n g  d e f l e c t i o n s  a r e  m a g n i f ie d  up by  means o f  a  l e v e r  
a r r a n g e m e n t ,  and  a r e  t r a n s m i t t e d
t r a n s m i t t e d  by a  c o r d  and a  c o u n te r w e ig h t  t o  a  c a r r i a g e  
w h ich  c a r r i e s  a  p e n c i l *
S in c e  t h e  c o n i c a l  drum r o t a t e s  a t  c o n s t a n t  s p e e d ,  
t h e  c o r d  i s  p u l l e d  i n  a t  a  c o n t i n u o u s l y  i n c r e a s i n g  s p e e d ,  
and t h e  m a g n i tu d e  o f  t h e  p u l l  w i l l  be  r e c o r d e d  on t h e  s t r i p  
o f  m oving p a p e r .  The b a s e  o f  t h e  c u rv e  t r a c e d  w i l l  be  i n  
te rm s  o f  t h e  s p e e d ,  and a  s u i t a b l e  c a l i b r a t i o n  o f  t h e  
o r d i n a t e s  in  te rm s  o f  t h e  c o e f f i c i e n t  o f  f r i c t i o n  o f  t h e  
m a t e r i a l  u n d e r  t e s t .
The sp e e d s  u s e d  w ere  0*64 t o  3*2  f t .  p e r  m in .
2*6 t o  15 f t .  p e r  m in .
12*0  t o  60 f t .  p e r  m in .
w i t h  l o a d s  v a r y i n g  from  16 t o  32 l b .
T h is  p r e l i m i n a r y  sp e e d  t e s t  c o n f i rm s  t h e  v a l u e s  o f  t h o s e  
d e r i v e d  from  t h e  F r i c t i o n  T e s t i n g  M ach ine  and a  sam ple  
c u rv e  o b ta in e d  i s  shown, F ig  IcC),/> tZfc).
As a  f i n a l  p r e l i m i n a r y  t e s t  t h e  F r i c t i o n  M achine  was 
made t o  ru n  a t  a  c o n s t a n t  sp e e d  w i t h  v a r y in g  l o a d s .  T h is  
was done by p l a c i n g  a  v a r i a b l e  r e s i s t a n c e  in  s e r i e s  w i t h  
t h e  m o to r  w in d in g s .  The s e l e c t e d  sp e e d  was 2 7 •2  f t .  p e r  
m in .  and l o a d s  on t h e  f r i c t i o n  f a b r i c  w ere  v a r i e d  from  
7 l b .  p e r  s q . i n .  t o  a lm o s t  t h e  d e s t r u c t i v e  c r u s h i n g  
p r e s s u r e .  I t  i s  found  t h a t  F erodo  F i b r e  d id  n o t  conform  
t o  t h e  law  — -y ic .  > t u t  gave r e s u l t s  w h ich  when p l o t t e d
gave  a  law  more n e a r l y  r  -  alj ±  b
s  0 *348N -  0 -7 5  l b .
When t h e  p o i n t  a t  w h ich  F i s  n o t  a l t e r e d  by l o a d ,
$s r e a c h e d ,  t h e  c o e f f i c i e n t  h a s  ch anged  from  0*329 t o  0*29, 
The F e ro d o * s  a p p e a r  t o  be  t h e  more homogeneous o f  a l l  t h e  
f r i c t i o n  m a t e r i a l s  u n d e r  t e s t ,  b u t  t h e y  a l s o  show 
i r r e g u l a r i t i e s  i n  s t r u c t u r e ,  w h ich  show th e m s e lv e s  d u r in g  
lo n g  ru n n in g  t e s t s . .  A cco rd in g  t o  Loney t h e  f r i c t i o n  
i n c r e a s e s  a t  a  g r e a t e r  r a t e  th a n  t h e  norm al p r e s s u r e  up to  a 




c a l i b r a t i o n  o f  M a c h in e ,  -  I n  a l l  f r i c t i o n  m a c h in e s  i t  i s  
n e c e s s a r y  t o  h a v e  u n i f o r m i t y  o f  c o n d i t i o n s  when t a k i n g  
r e a d i n g s .  A z e r o  r e a d i n g  o r  m ach in e  m u l t i p l i e r  m u s t  h e  
p r e d e t e r m i n e d .  The m ach in e  i s  f i t t e d  w i t h  an  a d j u s t i n g  
sc rew  i n  t h e  fo rm  o f  a  r i g h t  and l e f t  h an d  sc re w e d  t u r n -  
b u e k le  and l o c k i n g  a r r a n g e m e n t .  J3y m eans o f  t h i s  
a d ju s tm e n t  t h e  m e a su re m e n ts  b e tw e e n  t h e  s t o p s  an d  t h e  
r i g h t - a n g l e  f a c i n g  o r  p r o j e c t i o n  on t h e  b ^ l l - c r a n k s  can  b e  
made e q u a l .  A gauge  i s  f i t t e d  and  can  b e  u s e d  th r o u g h o u t  
any s e r i e s  o f  t e s t s ;  t h e  gap b e in g  a d j u s t e d  b e f o r e  any 
r e a d i n g  was t a k e n .  The b e s t  form  o f  gauge  was fo u n d  t o  b e  
a  h a rd e n e d  s t e e l  r o l l e r .  The r e a d i n g  w h ich  t h e n  a p p e a r e d  
on t h e  s p r i n g b a l a n c e , 2*8  l b .  was t a k e n  a s  t h e  z e r o ,  and 
h ad  t o  b e  s u b t r a c t e d  from  s u b s e q u e n t  r e a d i n g s .
To t e s t  t h e  a c c u r a c y  w i t h  w h ich  t h e  s p r i n g b a l a n c e  
p u l l s  c o u ld  b e  Y&d-cLf t h e  m ach in e  was ru n  a t  60 r e v s ,  p e r  
m in .  and lo a d e d  u n t i l tke& etf drive, c o u ld  n o t  be  d ep e n d e d  
upon t o  keep  t h i s  c o n s t a n t  s p e e d .  The f r i c t i o n  f a b r i c  
c a r r i e r  w e ig h s  7 l b .  an d  t o  t h i s  a t  r e g u l a r  i n t e r v a l s  o f  
2 l b .  20 l o a d s  w ere  added  and  t h e  c o r r e s p o n d in g  r e a d i n g s  
t a k e n  o f  p u l l  r e c o r d e d  a t  s p r i n g b a l a n c e .
60 R .P .M .
t a b l e  (2 )




1 -5  1*65 2 
JJoym. ^ 6  
1 *3 1*65 2
2*5 3 3 -5  4 4 -6  5*1 5*6 6+  7*15 8 *~ 10*5 
2*5 3*15 3 .7  4*2 4-7  5 .2 5  5.7 6*15 7 .1 5  8 -1 5  10*75
1 0 • 2 8 *  
10*2
87 R .P .M .
T a b le  (3)
A .
5—l b .
Uf> J 2 . 
1 .2 5  1 . 6
JJown J6.
1*3 1 - 6
2 2 .6  3 .1 5  3 .6  4 .1 5  4 .6  5 -1  6 8*5 
2 ~  2*5 3 3 -4  3*9 4 .4 5  5 5 -8  8*25
T h e /
!Cj
The se c o n d  p l a c e  o f  d e c im a l  i s  o n ly  a p p r o x im a te .
The Speed i s  t a k e n  b y  means o f  a  r e v o l u t i o n  c o u n t e r  
d r i v e n  from  t h e  m ain  s h a f t ,  o f  t h e  g e a r e d  h e a d s t o c k .
I n  t h e  m ean tim e  c a l l i n g  t h e  s t e p s ,  'Low*, ^ M id 1, *H igh f , 
u s i n g  t h e  E p i c y c l i c  and 4 M p u l l e y  -
Low -  1 t u r n  i n  24£ m in s .  -  0*28 f t .  p e r  m in .
Mid -  1 t u r n  i n  8£  m in s .  -  0*825 f t .  p e r  m in .
H igh -  1 t u r n  i n  2*45 m in s .  -  2*7 f t .  p e r  m in .
Low -  8  r . p . m .  -  5 4 .5  f t  . p e r  m in .  w i t h o u t  e p i c y c l i c  g e a r
Mid -  24 r . p . m .  -  165*5 f t  . p e r  m in .
h i g h  -  73 r . p . m .  = 496 f t .  p e r  m in .
The A p p l ie d  Loads a r e  7 ,  1 4 ,  21 , 2 8 , 35*65 , 45* 8 5 ,
6 1 .5 ,  71.7uKrtf c a r r i e r  b l o c k ;  4 r o d s  and  h a n g e r
f l a n g e d ,  p i v o t e d  t o  h an g  p lum b, and s e r i e s  o f  a p p l i e d  d ead  
l o a d s .  I t  was c o n s id e r e d  much b e t t e r  t o  u s e  d ead  l o a d s ,  •
and t o  d i s p e n s e  w i t h  c e n t r a l  b a l a n c e  when d e t e r m in i n g  t h e  
c o e f f i c i e n t  of t h e  f a b r i c  m a t e r i a l .  On t h e  w e a r  and 
t e m p e r a tu r e  e f f e c t  t e s t s  t h e  c e n t r a l  s p r i n g b a l a n c e  was found  
u s e f u l .
Hange_ o f  l o a d s  a t  s low  speeds-. E p i c y c l i c  G ear i n  u s e .
T a b le  (4)
(SEE ATTACHED SHEET)
7 0 ,
CD 05 CO H1 H1 O O o P• • • • • • • • •
H* -a CD H CD CD 05 CO
CO 05 CD CO 05 CD 03CD 05
o O H o O• • • • • • • • •
CO O CO o CO P 00 00 O
CO CO 05 H CD CD 05 CD -P
o o O O O O o P p• • • • • • • • •
05 05 CO CO CO P CO CO 05
CD M -si CO ■si CD Ol M
CO CO CO CO CO CO CO CO M« • • • • • • • •
P CD CO CD H* P CD H P
CO CD CD »£• CO CD N
o o o O O O P O P• • • • • m • • •
if. 05 05 05 05 CO 05 05 CO
H s3 *=■ -*3 M CO , 05 H 00
if. CD CD if. if. If. 05 CD If.• • • • • • • •
->3 O O 00 CD p P S3<1 cn CO CD P
O o o o P P O O P# • • • • • • • »
if. If. if. if. if. 05 if.
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The m ach in e  can  h e  d ep en d ed  upon t o  g i v e  good a v e r a g e  
v a l u e s  olyU . up t o  55 l h .  p e r  s q . i n .  when u s i n g  t h e  4" d i a .  
p u l l e y  d r i v e  t h r o u g h  t h e  E p i c y c l i c  Gear* Ahove t h i s  
m o t io n  i s  r a t h e r  u n s te a d y *  W ith  c a r e  t h e  h i g h e r  l o a d s  
60 t o  75 l h .  w eve  a ^ lie c L d n d ih e  r e a d i n g s  obta.vnecL vv*r<£
C k e c k e d  oyi t h e  a u x i l i a r y  t e s t i n g  m a c h in e  a l r e a d y
d e s c r i b e d .
T a h le .(B)
lb .
P u l l  1 4 .2  1 5 .5  
J-oosLf 
y i u  0 .6 2  0 .5 9
1 3 .1 5
0 .5 7






1 3 .3 5
0 .5 8
1 3 .2 5
0 .5 8
1 1 . 2
0 .4 9
t- ib P u l l  1 5 .7  1 5 .6  * L ooMs  SC'OS/A. 









1 5 .8 5
0 .5 7






P u l l  1 8 .4 5  1 8 .3 5  
• /loads / 4 ’̂ d lp .
0 .5 6  0 .5 5














The sp e e d  c o n s t a n t  f o r  t h e  m ach in e  i s  6 . 8 , i . e .  r e v s ,  
p e r  m in .  x  6 . 8  = f t .  p e r  m in .
W ith  L a rg e  P u l l e y  D r iv e  and  l o a d  28 l b . z e r o  2 . 8  l b .
T a b le  ( 6 ^
R.P.M . Speed 
f t  . / m i n .
A c tu a l
P u l l
l h .
14 95 8 .1 5
20 136 8 . 2
2 8 .7 5 195 8 .3 5
41 279 7 .8 5
60+ 410 7 .7
84 572 7 .3 5
125 850 6 .5 5
180 1224 6 .3 5
250 1700 6 . 2
P ry M o is t B rak e
A tm os. A tm os. Wheel
y U . R u s t i n g
0 .5 8 2 0 .5 6 0 .3 6
0 .5 8 6 0 .5 6 0 .3 6
0 .5 9 6 0 .5 6 0 .3 6
0 .5 6 1 0 .5 2 0 . 3
0 .5 5 0 .5 2 0 . 3
0 .5 2 5 0 .5 2 0 .3 6
0 .4 6 8 0 .4 6 0 . 4
0 .4 4 0 .4 4 0 . 4
0 .4 2 5 0 .4 2 0 . 4
W i th /
W ith  S m all  P u l l e y  D r iv e  and  Load 28 l b .  Z e ro  2 . 8  l b .
•P ,M. Speed 
f t . / m i n .
A c tu a l




M o is t  
A tm os.
B ra k e
Wheel
R u s t i n g
4 2 7 .2 8 .3 5 0 .5 9 6 0 .3 8 0 .2 8
5 .6 58 8 . 2 . 0 .5 8 4 0 .3 8 0 .2 6
8 5 4 .4 8 . 1 0 .5 8 0 .3 8 0 .2 6
12 8 1 .6 8 . 1 “ 0 .5 7 8 0 .3 8 0 .2 8
17 1 1 5 .5 8 . 0 2 0 .5 7 2 0 .4 5 0 .2 9
24 166 7 .9 5 0 .5 6 8 0 .4 5 0 . 3
56 2 4 3 .8 7 .8 5 0 .56 0 .4 5 0 . 3
51 340 7 .6 5 0 .5 4 6 0 .4 5 0 . 3
71 480 7 .1 5 0 .5 1 0 .45 0 . 3
W ith  S m all 4" d i a .  P u l l e y  and E p i c y c l i c  G ear D r iv e n
" ‘ id  28 l b .  Z e ro  2 .8  l b .
V a lu e s  f o r  C o e f f i c i e n t  
o f  F r i c t i o n
a b o u t
d r y .
1 / 2 4 .2 0 .2 8 6 . 1 0 .4 3 6
0 .3 5 6 .4 5 0 .4 6
0 .5 6 6 .6 5 0 . 4 6
1/ 8 . 2 0 .8 2 5 6 .9 0 .5 0
1 .1 1 5 6 .7 5 0 .4 8 8
1 .5 6 7 .0 5 0 .5 0 6
1 / 2 .4 3 2 .7 7 .3 0 .5 2 8
3 .4 7 .6 5 0 .5 5 4
0 . 8 5 .1 2 7 .8 5 0 .5 6 4
I t * w i l l  b e  s e e n  from  t h e s e  S peeds  t h a t  t h e r e  i s  a  
f a i r l y  l a r g e  gap b e tw e e n  5 .1 2  and 2 7 .2  f t .  p e r  m u i .  and  to  
sp an  t h i s  gap t h e  4 W d i a .  p u l l e y  was r e p l a c e d  by  one 
a p p r o x im a te ly  16* d i a . ,  g i v i n g  n i n e  s p e e d s ,  minimum 1 .1 8  
f t . / m i n .  and  maximum 2 0 .4 8  f t . / m i n .  T hese  w ere  r a t h e r  
d an g e ro u s  sp e e d s  a t  w h ich  t o  ru n  t h e  E p i c y c l i c  G e a r .
The v i b r a t i o n  w h ich  was s e t  up c a u s e d  d i s t u r b a n c e  i n  t h e  
rooms a b o u t  t h e  L a b o r a t o r y ,  t h e  E p i c y c l i c  G ear b e i n g  c l o s e  
up t o  t h e  r o o f  o f  t h e  L a b o r a t o r y .  T h is  v i b r a t i o n  h a d  no 
a p p r e c i a b l e  e f f e c t  on t h e  w o rk in g  o f  t h e  f a b r i c  f r i c t i o n  
m a c h in e .  The r e a d i n g s  h a d  t o  b e  t a k e n  a f t e r  6 p .m .  o r  
d u r in g  t h e  week e n d s ,  b u t  a s  f a r  a s  p o s s i b l e  ch e c k  r e a d i n g s  
a t  t h e  o t h e r  sp e e d s  w ere  t a k e n  t o  k eep  t h e  t e s t s  a s  c l o s e l y  
a s  p o s s i b l e  u n d e r  s i m i l a r  c o n d i t i o n s .
From t h e  number o f  ch an g es  o f  g e a r  w h ich  m ust be  made 
a t  e a c h  t e s t  i t  was n e c e s s a r y  t o  form  a  sy s te m  i n  t a k i n g  
r e a d i n g s .  Speeds by means o f  t h e  r e v o l u t i o n  c o u n t e r  w ere  
c o n v e r t e d /
c o n v e r t e d  i n t o  p e r i p h e r a l  s p e e d s ,  and a r r a n g e d  i n  a s c e n d in g  
o r d e r ;  t h o s e  a r e  shown i n  T a b le  ( 6 ) .  The a r r a n g e m e n t  
o f  d r i v e s  n e e d  o n ly  be  n o t e d ,  and  th e  s p e e d  was t a k e n  from  
th e  above  r e s u l t s .  T h is  s a v e d  much t im e  and  r e d u c e d  
c h a n c e s  o f  e r r o r .  Check r e s u l t s  d u r in g  t h e  t e s t  showed 
any ch an g es  to o  s m a l l  t o  be a p p r e c i a b l e .
The r u n n in g  i n  o f  th e  f r i c t i o n  s u r f a c e s  n e e d s  s p e c i a l  
c a r e .  The a u t h o r  s u g g e s t s  t h a t  th e  same c a r e  s h o u ld  be 
g iv e n  t o  new ly  f i t t e d ,  m oulded f a b r i c s ,  b r a k e  l i n i n g s .
I f  t h i s  i s  n o t  done v e r y  e r r a t i c  v a l u e s  may be e x p e c t e d ,  
when a  m otor c a r  o r  any m achine  i s  b e i n g  b r o u g h t  t o  s t a n d
2);
s t i l l  f ro m  h i g h  sp e e d  i n  a  s h o r t  p e r i o d  o f  t im e .  (S ee  A ppend ix
The h u m id i ty  o f  th e  a i r  a s  a  f a c t o r  i n  f r i c t i o n  
e x p e r im e n ts  h a s  b een  c l e a r l y  i l l u s t r a t e d  by Dr. M acau lay ^ ,  
a l s o  by Dr. B an k in e  One o f  th e  m ost f a m i l i a r
i n s t r u m e n t s  f o r  m e a s u r in g  a tm o sp h e re  h u m id i ty  i s  th e  w e t 
and d ry  b u lb  h y g ro m e te r ,  and i t  w i l l  be w e l l  to  remember 
t h a t ,  by means o f  t h i s  i n s t r u m e n t ,  a l lo w a n c e  c o u ld  be  made 
f o r  r e a d i n g s  t a k e n  d u r in g  t h e  summer and w i n t e r .
A l a b o r a t o r y  may have  a  much d r i e r  a tm o sp h e re  d u r in g  t h e  
c o ld  w e a th e r  when h e a t  i s  s u p p l i e d  by h o t  a i r .  In  th e  
summer th e  a i r  may be drawn th ro u g h  a  w a te r  s p r a y  and 
d e l i v e r e d  to  th e  rooms lo a d e d  w i th  m o i s t u r e .
C a l i b r a t i o n  o f  H e a t in g  A rrangem en t -  I t  w as fo u n d  
n e c e s s a r y  t o  employ s i x  b u n sen  b u r n e r s  t o  r a i s e  t h e  
t e m p e r a tu r e  o f  t h e  ru b b in g  s u r f a c e  from  1 2 0 °F .  t o  550°E . and 
t im e  r e q u i r e d  was a b o u t  20 m in u te s  a t  115 revs:,  p e r  m in . o f  
b ra k e  w h e e l .  By a p p ly in g  a s e p a r a t e  f r i c t i o n  p ad  to  t h e  
w h e e l ,  and a d d in g  two blow lam ps to  t h e  h e a t i n g  a r ra n g e m e n ts  
t h e  t e m p e r a tu r e  c o u ld  be r a i s e d  f a i r l y  r a p i d l y .  At th e  
v e r y  h ig h  sp e e d s  i t  was fo u n d  im p o s s ib l e  t o  h e a t  th e  r im  a s
t h e  h e a t  was d i s s i p a t e d  q u i c k l y .  Slow h e a t i n g  c a u s e d  t h e  
c o e f f i c i e n t  o f  f r i c t i o n  o f  a  f r i c t i o n  f a b r i c  t o  f a l l  from
y u /a * )
0*52  t o  0 * 3 4 ,  w h i l e  ' t h e  same f a b r i c  d ro p p e d  from  0*52  t o  0*2 
when t h e  w h ee l  was h e a t e d  r a p i d l y .
C a l i b r a t i o n  f o r  Wafer T e s t  -  The m a t e r i a l  i n  t h i s  t e s t  
i s  *Breko» F a b r i c  B rak e  L i n i n g .
[ f n  iy s j*  ( y s j s  l/ s m
M ic ro m e te r  H e a d in g s ,  (1* 9 0 4 +  1 * 8 9 5 5 +  1*905 +  1 * 9 0 4 ) 4  
s  1*902 a v e r a g e ,  (m easu red  i n  c o l d ) .
A p p l ie d  l o a d  -  28 l b .  w i t h  m ach in e  c o n s t a n t  3*25 l b .
T e s t  s t a r t e d  a t  12 o ’ c lo c k  noon  and f i n i s h e d  a t  4 p . m . ,  
i . e .  -  4 h o u r s  d u r a t i o n  o f  t e s t .
A verage
R .P .M .
Load
l b .
S p r in g  
B a la n c e  
P u l l  l b .
E f f e c t i v e  L e v e ra g e  
P u l l  l b .  x  R a t i o
1 s t  Hour 80 28 7*75 4*5 X 2 0*32
2nd Hour 81 28 7*5 4*25 X 2 0*31
3 rd  Hour 82 28 7*4 4*15 X 2 0*29
4 t h  Hour 84 28 7*3 4*05 X 2 0*29
•M icrom ete r  R e a d in g s  o f  l i n i n g  t h i c k n e s s
= (1*8925 +  1 .8 9 1 6  +  1 .9 0  + 1 .8 9 1 5 ) -+ -  4 
-  1 .8 9 3 9  in c h e s  (m easu red  when c o ld )
T h e r e f o r e  w ear  i n  f o u r  h o u r s ’ r u n n in g  -  1*9021 -  1*8939
- $ • 0 0 8 2  CncAeS. 
w h ich  i s  a  Wear o f  0*002 c u b .  in c h e s  p e r  h o u r .
Second T e s t ,  Wear o f  0*0018 c u b .  i n c h e s  p e r  h o u r .  
T h i rd  T e s t ,  * •' 0*0015 * « » «
F o u r th  T e s t , M *» o *0016 *» *» » it
F i f t h  T e s t ,  » M 0*0016 « « n «
S i x t h  T e s t ,  *» » 0*0016 w ** *» »
Otvaw QrerdLjje
t ie  t im e  t o  w ear B reko  B rake  L in in g  (£« t h i c k )  t o  £** t h i c k
( h a l f  o r i g i n a l  t h i c k n e s s )  i s  416 h o u r s  c o n t in u o u s  r u n n in g .
T h e /
The s p e c i f i c  g r a v i t y  o f  t h e  m a t e r i a l  (B reko) i s  a b o u t  
30 g rm s .  p e r  c u b .  i n c h ,  and t h e  w ea r  by w e ig h t  i s  a p p ro x im a te  
l y  0*0012  g r . / h r . c m  . Such a  t e s t  can  o n ly  b e  c a r r i e d  o u t  
o v e r  a  l o n g  p e r i o d  o f  t im e  a s  t h e  l i n i n g  r e q u i r e s  t o  b e  
w e ig h ed  b e f o r e  and  a f t e r  t e s t .  Check w e ig h t s  a r e  n o t  wo 
e a s i l y  c a r r i e d  o u t  a s  ch eck  m e a s u re m e n ts .
F r i c t i o n  t e s t s  o f  f a b r i c  m a t e r i a l  w ou ld  n o t  b e  c o m p le te  
w i th o u t  r e f e r e n c e  t o  r u b b e r  t r e a t e d  c o t t o n  f i b r e s ;  c o t t o n  
c l o t h  im p re g n a te d  w i t h  B a k e l i t e ,  o f  w h ic h  one f i r m  i n  B r i t a i n  
u s e s  1 5 ,0 0 0  l b .  p e r  y e a r .  B a k e l i t e  i s  now u s e d  f o r  many 
e n g i n e e r i n g  p a r t s .  I t  i s  a  c h e m ic a l  c o m b in a t io n  o f  p h e n o l  
and  fo rm a ld e h y d e ,  fo rm in g  a  s y n t h e t i c  r e s i n  o r  r e s i n o i d ,  
q u i t e  d i f f e r e n t  i n  p h y s i c a l  c h a r a c t e r i s t i c s  t o  n a t u r a l  r e s i n .  
M ixed w i t h  wood m eal l i g h t  b r a k e  m a t e r i a l  can  b e  >n&rfj2t 
c h i e f l y  u s e d  f o r  f r i c t i o n  d i s c s .  Screw t h r e a d s  can  b e  
m oulded  from  b a k e l i t e  com pounds. Haw h i d e  s t i l l  a c c o u n t s  
f o r  15 p e r  c e n t ,  o f  t h e  s i l e n t  r u n n in g  g e a r  w h e e l s ,  a l t h o u g h  
♦loco* and fF a b r o i l *  a r e  v e r y  much im proved  n o n - m e t a l l i c  
g e a r  m a t e r i a l .
The a d v a n ta g e  o f  k e e p in g  a  c o n s t a n t  s u p p ly  o f  h e a t  t o  
t h e  b r a k e  r im  can  be made u s e  o f  i n  t e s t i n g  t h e  mafie up 
m at e r  i  a l  s employe oL v* tk*. manufacture, o f  brake. Unvngs. T h e  h e  a t  
g e n e r a t e d  by  f r i c t i o n  i s  c a r r i e d  away by  t h e  r o t a t i n g  b r a k e  
w h e e l ,  v e n t i l a t i o n  c o n d i t i o n s  a r e  a lm o s t  p e r f e c t  fKe laboratory. 
In  t h e  c a s e  o f  h a u la g e -w a y  b r a k e s ,  w here  t h e  momentum o f  t h e  
ru n n in g  m ach ine  can  o n ly  b e  ch eck ed  by  t h e  b r a k e  a c t i o n ,  
w h ich  c o n v e r t s  t h e  e n e rg y  d e v e lo p e d  i n t o  h e a t  $ t h e  wood 
b lo c k s  on w h ic h  t h e  f e ro d o  l i n i n g  was f i x e d  became c h a r r e d  add 
was d e s t r o y e d  i n s i d e  f o u r  m o n th s .  The h e a t  was so g r e a t  t h a t  i t  
h a s  p a s s e d  th ro u g h  th e  a s b e s t o s  l i n i n g  and  b u rn e d  t h e  wood.
I t  h a s  b e e n  found d i f f i c u l t  t o  o b t a i n  a l l  t h e  p o s s i b l e
wonfcing c o n d i t i o n s ,  and  t o  c a r r y  o u t  l o n g  c o n t in u o u s  t e s t s  on
t h e  compounded f a b r i c  m a t e r i a l .  The t e s t s  may o n ly  show t h e  
a v e r a g e /
average c o e f f ic ie n t  v a lu e s  and th ese  o b ta in e d  under id e a l  
c o n d itio n s  o f w o rd in g .
TESTS Aim TIES ST RESULTS *
Series (l)
A com parative  t e s t  was c a r r ie d  out betw een th e  w o rk in g  
m a te r ia ls ,  B ro n ze , Wood, and L e a th e r , and compared w ith  th e  
fa b r ic  m a te r ia ls  !F e ra s b e s to s 1 and fG a te x *^ « . .
The Bronze p ack in g  p ie c e s  in  th e  c a r r ie r  were used as 
a te m p le t from  w h ich  to  form  th e  pad p ie c e s . These pads 
were c a r e f u l ly  a d ju s te d  to  th e  c u rv a tu re  o f th e  b rake  w h e e l. 
The c o n d itio n s  o f th e  t e s t  a re  such th a t  no m a te r ia l  is  
o v e rh e a te d .
Bronze Ferasbestos Wood L e a th e r Gat ex
o
P re ssu re  l b . / i n  28 28 28 14 14
Rubbing Speed f t  ./man. 115 115 86 86 86
Max. Temp. °P . 350 300 250 200 175
The h ea t was s u p p lie d  by fo u r  bunsen b u rn ers  and
re g u la te d  to  g iv e  th e  re q u ire d  h ea t to  th e  r im  o f th e  w heel
so th a t  th e  tem p e ra tu re  o f th e  pad p ie c e s  a t  th e  b rake  
s u rfa ce  could be read  on th e  p fc te n tio m e te r . A graph was 
used fo r  th e  p o te n tio m e te r  w hich gave read in g s  in  degrees F . 
Th is  graph was fu rn is h e d  by th e  N a tu ra l P h ilo so p h y  Departm ent 
o f th e  Royal T e c h n ic a l C o lleg e  and was used th roug hou t t h is  
rese a rch  w ork. The in s tru m en t was checked from  tim e  to  tim e  
d u rin g  th e  te s t  p e r io d .
For each te s t  th e  speed was kep t co n stan t and th e  pad 
p ie c e s  were a p p lie d  to  th e  r im  b u t w ith  o n ly  7 l b .  p e r  s q . in .  
pressu re  to  ensure p e r fe c t  f i t t i n g  o f b rake  m a te r ia l ,  th e  
tem p era tu re  b e in g  ra is e d  g e n t ly  to  1 0 0 °F . Then th e  s p e c if ic  
lo ad  was a p p lie d  as shown £l[>oy& . The tem p era tu re
changes were a ls o  g rad u a l as shown on g rap h , P ig . ( 6  ) •
( a ) /
(a ) W ith  th e  Bronze pads s c o rin g  o f th e  wheel would  
seem alm ost c e r t a in  i f  r e ta in e d  in  a c t io n  f o r  anylenqti 
t im e . The c o e f f ic ie n t  o f f r i c t i o n  k ep t f a i r l y  c o n s ta n t.
(h ) The Wood b rake  pads showed ju s t  th a t  fe a tu r e  w hich  
caused them to  be d isc a rd e d  in  p r a c t ic e  where a w a te r  cooled  
drum cou ld  not be in c o rp o ra te d , such as in  th e  ’M assey1 
drop-stam p hammer. Even w ith  th e  s m a lle r  s p e c if ic  lo a d in g  
and lo w e r te m p e ra tu re  th e re  is  a g re a t v a r ia t io n  in  th e  
f r i c t i o n  c o e f f ic ie n t .  Chartfmg wool joueces soon./akesf>hce.
ihe b rake  r im  is  in  no way d e s tro yed ; i t  becomes r a th e r  
more p o lis h e d .
(c ) The L e a th e r  pad p ie c e s  had to  be r e ta in e d  c a r e f u l ly  
in  th e  h o ld e r , th a t  i s ,  th e y  were not a llo w e d  to  p r o je c t  
more th a n  was n ecessary  to  make th e  c a s t ir o n  c a r r i e r ,  E , 
c le a r  th e  r im . L e a th e r under p res su re  and tem p e ra tu re  
does not h o ld  i t s  h ig h ^ £  -  v a lu e  fo r  any le n g th  o f  t im e ,  
changing from  alm ost 0 *9  to  0 *7 5  as th e  te m p e ra tu re  changes 
from  1 0 0 ° to  1 7 5 °F . The h e a t appears to  s p o il  th e  
d re ss in g  m a te r ia l  o f th e  le a t h e r .
(d ) The f i r s t  com posite m a te r ia l  on th e  l i s t  shows 
p ro p e r t ie s  w hich c e r t a in ly  a re  to  be d e s ir e d . U n lik e  
le a th e r  i t  is  not e a s i ly  deform ed by p re s s u re  a t  h ig h  
te m p e ra tu re s . Heat tra n s m is s io n  from  w ear s u rfa c e  to  
c a r r ie r  is  r e a d i ly  found by m easuring th e  r is e  in  tem p e ra tu re  
o f th e  o u ts id e  o f th e  c a r r ie r  b lo c k , a ls o  th e  in s id e  on 
no n-w earing  s u rfa c e  o f th e  b rake  l i n in g .  ’E e reb es to s* is
a Ferodo m a te r ia l  made by te a s in g  out th e  s in g le  s i l k y - l i k e
f ib r e s  o f th e  mined asb esto s . Each f ib r e  can be t r e a te d
s e p a ra te ly  by soaking in  a re s in o id  compound. Asbestos
f lo c k  may be spun and th en  t r e a te d  w ith  f l u i d  gumming
m a te r ia l ,  b a k e l i t e ,  or sugar compound. P ressed l i g h t l y
in to  form  and baked in  an e le c t r ic  d ry in g  oven, th e  l in in g
is  th en  compressed by h y d ra u lic  p re s s . The moulds a re
e l e c t r i c a l l y  heated  and th e  p ressu re  may be 15 tons p e r  
s q . in .
T h e /
Min u t e s
LqAvQ On] & gAv<e g 7  LS ©R PgSSSURE &7 U S s/S q .  
RuSfelNG SpE£Q 2.5 FEET PER, MlNUTS
* 1
The method o f m anufacture  as w e l l  as th e  m a te r ia ls  used 
are  brought out in  th e  t e s t  r e s u lts  shown in  curves  (d)
P ig . ( i p  • I4-. The b rake  r im  is  o n ly  s l ig h t ly  p o lis h e d  ahd 
th e  b rake  pads show no change in  s u r fa c e . The sm a ll 
s e rra t io n s  on th e  fa c e  o f th e  pads u s e d /in  T a b le  ( 1 ) ,  I  -  
Perodo Bonded Asbestos/, do not appear w ith  th e  P e ro b es to s .
(e ) *G a te x f is  r e a l l y  a b e l t in g  m a te r ia l ,  b u t as i t  
has a v e ry  compact s t r u c tu r e  and co u ld  be cu t in to  th e  sm al 
pad p iec e s  re q u ire d  w ith o u t excess ive  f r a y in g  o f th e  edges, 
i t  was p u t under t e s t .  The lo a d  a p p lie d  was 14 lb .p e r  
s q .in c h . I t  shows a v e ry  h ig h  c o e f f ic ie n t  o f f r i c t i o n  
much s im i la r  to  th a t  o f le a t h e r .  I t  is  made o f  a woven 
y a rn  t r e a te d  w ith  a ru b b er la t r e x  and th e  whole is  
v u lc a n iz e d  in to  a s o l id  f a b r ic .  V e ry  l i t t l e  s ig n  o f  
change in  s t ru c tu re  co u ld  be d isc e rn e d  by th e  r is e  from  
100° to  200°P . and a p re s s u re  o f 14 l b .  p e r  s q . in .  is  
c e r t a in ly  not e x c e s s iv e .
The A u th o r would have l ik e d  to  c a rry  out re s e a rc h  
work on th e  newer form  o f b e l t in g  m a te r ia l  when used fo r  
brake  l in in g s .  The c o tto n  duck and c o tto n  f ib r e s  have 
g iven  way to  woven h a i r  m a te r ia l  s p e c ia l ly  t r e a te d  so as to  
have no in te r n a l  shear among th e  f ib r e s .  B e l t in g  problem s  
appear to  g ive  a m ix tu re  o f f lu id  and s o lid  f r i c t i o n  w hich  
has g iven  g re a t d i f f i c u l t i e s  to  in v e s t ig a to r s ,  b u t infabr/c/mhjs, 
c e r ta in ly ,  th e  m an u fac tu rer has overcome many o f th e  
d i f f i c u l t i e s  by s p e c ia l processes • B e lt in g  owing to  th e  
t r a v e l  has more c o o lin g  s u rfa c e  th an  b rake  o r c lu tc h  
m a te r ia l .
S e rie s  (2) .
These te s ts  were c a r r ie d  out u s in g  fo u r  d i f f e r e n t  
brakes o f f r i c t i o n  brake l in in g s ;  th e y  are  th e  same group 
as used in  making th e  p r e lim in a ry  t e s ts ,  ( I )  *Perodo P ib r e 1,
( I I )  'Herodo Bonded A sb esto s• ,  ( I I I )  'B re lco ', and ( IV )  H ay- 
b e s to s .
The th re e  la s t  named "being v e ry  much s im i la r  in  s t r u c tu r e ,  
b u t made by d i f f e r e n t  m a n u fa c tu re rs , who recommend s p e c ia l  
w o rk in g  p re ssu res  to  be used f o r  t h e i r  m a te r ia l#  The 
A u th o r has a lre a d y  w r i t t e n  on t h is  s u b je c t ^ o f  Ferodo  
Brake L in in g s , b u t t h is  re s e a rc h  w 4rk p ro v id e s  an 
o p p o rtu n ity  o f  com parison w ith o u t w r i t in g  u n fa v o u ra b ly  o f  
any m a n u fa c tu re rs  p ro d u c t.
The p re s s u re  ranges from  7 to  28 l b .  p e r  s q . i n .  
usin g  pads 1 s q .in c h  a re a , and to  p e rm it  o f h ig h e r  
pressu res  s p e c ia l pads o f \  s q . in .  a re  used . The 
te m p era tu re  range is  from  room te m p e ra tu re  5 5 °F . to  1 2 0 °F .
Ho e x te rn a l h e a t is  a p p lie d .
From th e  e a r l i e r  t e s ts  ex p e rie n c e  had been g a in ed  in  
ru n n in g  th e  m ach ine. The o b je c t now aimed a t  is  continuous  
run n in g  over th e  whole speed range w ith  a b s o lu te  minimum 
o f s to p s . I t  was found t h a t ,  except a t th e  h ig h e s t speeds, 
th e  necessary  changes cou ld  be made w ith o u t any damage to  
th e  g e a r in g . The r im  was marked where g ear changing c o u ld  
be made, and i t  soon became a m a tte r  o f  p r a c t ic e  to  make 
a smooth change; th e  te e th  were g ive n  a sm all e n tra n c e  
a n g le .
Each te s t  was s ta r te d  a t  top  speed and subsequent 
read in g s  taken  in  a g e n e ra lly  d ecreas in g  o rd e r o f  speed.
By adopting  these  methods v e ry  few com plete stops re q u ire d  
to  be made. The m achine was a llo w ed  tim e  to  assume 
constan t c o n d itio n s  a f t e r  each change. T h is  was necessary  
not on ly  fo r  th e  speed fu n c t io n  b u t a ls o  to  p e rm it o f  th e  
steady-up o f th e  c o n d itio n s  o f  th e  b rake  l in in g s .  At each  
change o f lo ad  th e  machine was brought to  h ig h  speed b e fo re  
proceeding  to  add lo a d . U p -lo ad  and dow n-load read in g s  
were taken  fo r  each m a te r ia l .
A rough graph o f the  read in g s  was made on a lo ad
b ase , a lso  on a tim e  b a s e . T h is  graph enabled a check
read in g  to  be made o f any d o u b tfu l p o in t . At f i r s t  an 
a v e ra g e /
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average o f a number o f re a d in g s  was baleen as th e  f i n a l  
re a d in g , b u t th e  machine co u ld  be depended upon to  g iv e  a  
f a i r  e s tim a te  o fy^c w ith o u t much c a re . The p r in c ip a l  
p o in t  to  w atch is  th e  ad ju stm en t o f th e  p o s i t io n  on b ra k e
r im , and to  see th a t  th e  hangers a re  n o t fo u l in g  on th e
s id es  o f th e  b rake  w h e e l.
The r e s u lts  o f  th ese  te s ts  a re  shown in  T a b le s  ( y )  to
(/4)  and th e  curves have been p lo t te d  to  show th e
c o e f f ic ie n t  o f  f r i c t i o n , ^ ? - v a l u e , on a base o f  s p e c if ic  
speed, P igs ( I* ) to  {*$)•  Por th e  purpose o f  com parison th e  
curves have been p lo t te d  fo r  s e p a ra te  lo a d in g s , P ig s . (3A,6,e,d) 
These curves may be an a lysed  to  b r in g  out th e  r e s p e c t iv e  
fe a tu re s  in h e re n t in  th e  fa b r ic  l i n in g s .
P a b ric  P r ic t io n .
7  ’ P erodo1 P ib re . C onstant o f M achine 2 *8  l b .
P u l l  in  l b .
No. o f Speed 7 lb  lo a d  1 7 . 2 lb  27#4 lb  1?#2 lb  2g#3 ^
D riv e s  f t  ./m in . 7 l b / i n 2 17 «2 l b / i n 2 2 7 *4  l b / i n 2 3 4 .4  l b / i n 2 4 4 *6  l b / i n 2
1 0 .4  1 3 .2
1 0 .2  1 3 .4
1 1 *8  1 4 *0
1 1 *0  1 3 -8
1 1 -2  1 4 .2
1 1 *4  1 5 *0
1 1 *6  15
1 2 -2  15  
12-0
Machine stopped to  ta k e  out th e  E p ic y c lic  T r a in .
e c C 0 .2 5 8 5 .6 1 2 .2 1 8 .1
i e b c 0 .3 8 5 .4 1 2 .2 1 8 .8
e a c 0 *52 5*4 1 2 .8 1 9 -0
e c £ 0 .7 5 5*4 1 2 *2 1 8 *9
1 e b £ 1 .1 6 5*6 1 2 .6 1 8 .6
i e a £ 1 *56 5*8 13*0 19*1
i e C A 2*45 5*4 1 2 *3 1 8 *4
1 e b A 3*40 5*6 1 2 -2 19*0I e a A 4 .7 6 5 .1 1 1 .1 1 8 .8
2 c C 2 5 -8 4 *4
2 b C 38 4 -0
2 a C 52 4*0
2 c £ 75 3*8
1 c C 93*5 3*1
2 b £ 116 3*0
l b C 131 3*1
2 a £ 156 3*4
1 a C 191 3*4
2 c A 245 4 *2
1 c £ 270 3*6
2 b A 340 4*1
l b £ 381 3 .4
2 a A 476 4.-1
1 a £ 530 3*6
1 c A 830 3*6
l b A 1220 4 .01 a A 1700 4*0
10*0 1 4 .8 1 0 .8 1 3 -2
9*2 1 3*6 9 .8 1 2 *2
8 *6 1 3 -4 9 *2 1 1 *6
8 *6 1 3 *4 9 *2 1 1 *8
8 *6 1 3 *0 9 -0 1 1 *78*1 1 2 *8 8 *8 1 1 -4
8 *2 1 3*0 9*0 1 1 *6
8*4 1 3 *2 9*0 1 1 *4
8 *2 13*0 8 *8 1 1 *69*4 1 4 *2 9 .7 1 2 .88*6 1 3 *6 9 -4 1 2 -0
9*6 1 4 .2 1 0 *6 1 3 -4
8*4 1 3 *6 9 *8 1 2 *2
9*6 «.
9 -0 14*0 9*6 1 2 *2
9*6 1 4 .2 9 .8 1 2 *6
9 .1
9*2 1 4 .21 4 -0
1 0 -0
9«8 1 2 *61 2 .0
U ) •Ferodo* F ib r e . C onstant f o r  m achine 2 .8  l b .
Jable YliL ...... ............ . -
C o e f f ic ie n t  o f F r i c t i o n •
Speed y O
J f t . / m i n , . 7 l b / i n 2 1 7 .2  l b / i n 2 2 7 .4  l b / i n 2 3 4 .4  l b / i n 2 4 4 .6  l b / i n 2
I 0 -2 58 0 -8 0 0 -7 0 0 -6 6 0 -6 1 0 -5 0
0 .3 8 0 .7 7 0 .7 1 0 .6 8 0 .5 9 0 .5 9
0 .5 2 0 .7 7 0 .7 4 0 .6 9 0 .6 8 0 .6 5
0 .7 5 0 .7 7 0 .7 1 0 .6 9 0 .6 4 0 .6 2
1 .1 6 0 .8 0 0 .7 3 0 .6 8 0 .6 5 0 .6 4
1 .5 6 0 .8 3 0 .7 6 0 .6 9 0 .6 9 0 .7 0
2 .4 5 0 .7 7 0 .7 2 0 .6 7 0 .6 8 0 .6 7
3 .4 0 0 .8 0 0 .7 1 0 .6 9 0 .7 0 -
4 .7 6 0 .7 2 0 .6 5 0 .6 9 0 .6 8 -
M achine stopped to ta k e  out th e  E p ic y c lic  Gear
2 5 .8 0 .6 3 0 .5 8 0 .5 4 0 .6 3 0 .5 9
38 0 .5 7 0 .5 4 0 .5 0 0 .5 7 0 .5 5
52 0 .5 7 0 .5 1 0 .4 9 0 .5 4 0 .5 2
75 0 .5 4 0 .5 1 0 .4 9 0 .5 3 0 .5 3
l 9 3 .5 0 .4 4 0 .5 1 0 .4 7 0 .5 2 0 .5 2
i 116 0 .4 3 0 .4 7 0 .4 6 0 .5 1 0 .5 1
1 131 0 .4 9 0 .4 8 0 .4 7 0 .5 1 0 .5 2
| 156 0 .4 9 0 .4 9 0 .4 8 0 .5 2 0 .5 1
1 191 0 .4 9 0 .4 8 0 .4 6 0 .5 1 0 .5 2
f 245 0 .5 8 0 .5 4 0 .5 1 0 .5 6 0 .5 7
j 270 0 .5 6 0 .5 0 0 .5 0 0 .5 5 0 .5 5
1 340 0 .5 8 0 .5 5 0 .5 1 0 .6 1 0 .6 0
1 381 0 .5 9 0 .4 9 0 .5 0 0 .5 7 0 .5 5
476 0 .5 9 0 .5 5 * — •
i 530 0 .5 9 0 .5 2 0 .5 1 0 .5 6 0 .5 5
j 830 0 .5 2 0 .5 6 0 .5 2 0 .5 7 0 .5 7
:1220 0 .5 7 0 .5 3 0 .5 2 0 .5 6 0 .5 6
1700 0 .5 1 0 .5 3 0 .5 1 0 .5 7 0 .5 4
>-
Tem perature v a r ia t io n  60® to  1200F: t h is  r e fe r s  to la s t
n ine re a d in g s •
4 JabCe IK
i  a ) •Ferodo* Bonded Asbestos C onstant fo r  th e  machine 2 .8  l b .
■'j
I  Sneed
P u l l in  l b .
Temp.fft .^ m fn . 7 lb  Load 14 lb  Load 28 lb  Load 17 lb  Load
i _ 7 l b /  in  2 14 l b / i n 2 28 l b / i n 2 34 l b / i n 2
0 .2 5 8 2 .6
0 .3 8 2 .5
0 .5 2 2 .8
0 .7 5 2 .8
1 .1 6 3 .2
1 .5 6 2 .6
2 i4 5 2 .2
3 .4 0 2 .4
4 .7 6 2 .8
2 .8 1 1 .6 7 .4
3 .2 1 0 .6 7 .4
2 .0 1 0 .8 7 .6
3 .0 11 7 .8
3 .2 1 0 .6 8 .0
3.2^ 1 1 .4 8 .0
3 .4 1 1 .2 8 .4
3 .0 1 1 .4 8 .0
3 .6 1 1 .8 7 .8
60 ° r .
Machine stopped , E p ic y c lic  Gear d isengaged .
S peed  
f t . / m i n , 7 lb  Load 
7 l b / i r r 2
P u l l  im  lb .
14 lb  Load 
14 l b / i n 2
28 lb  Load 
28 l b / i n 2
17 lb  Load 
54 l b / i n
Temp
2 5 .8 3 .0 4 .2 12 • 6 9 .8
38 3 .0 4 .2 1 2 .4 9 .2
52 3 .0 4 .0 1 2 .4 9 .2
75 3 .2 4 .0 1 2 .4 8 .8
93*5 2 .8 4 .0 1 2 .8 8 .8
116 2 .6 3 .8 1 2 .2 8 .4
131 3 .0 3 .6 1 2 .4 8 .6
156 2 .6 3 .6 1 2 .0 8 .6
191 2 .8 3 .6 1 1 .9 8 . 4
245 2 .6 4 .0 1 3 .4 9 .0
270 2 .8 3 .5 1 1 .8 8 .4
340 2 .6 3*8 1 3 .4 8 .8
381 3 .4 3 .2 1 1 .6 8 .2
475 2 .4 3 .6 - 8 . 6
530 3 .6 3 .0 1 1 .4 8 .0
830 2 .4 3 .0 1 2 .2 8 .6
1120 2 .6 2 .8 1 2 .0 8 .2
1700 3 .0 2 .8 1 1 .6 7 .8
Diagram s to  show the
appearance o f F a b r ie
a f t e r  te s t ,
Y aU eX .
(1 1 ) 'Ferodo * Bonded Asbestos Machine So . 2.i
Speed C o e f f ic ie n t o f F r ic t io m
f t . /m in i .
7 l b / i n 2 14 lb / Im 2 28 lb / im 2 ^ 34 l b / i i
0 .258 0 .3 7 0 .4 0 0 .4 2 Q .4 3
0 . ® 0 .3 7 0 .4 6 0 .3 9 0 .4 3
0 .5 2 0 .4 0 0 .3 9 0 .3 9 0 .3 8
0 .7 5 0 .4 0 0 .4 3 0 .4 0 0 .4 5
1 .1 6 0 .4 6 0 .4 6 0 .3 9 0 .4 6
1 .5 6 0 .3 7 0 .4 6 0 .3 8 0 .4 7
2 .4 5 0 .3 1 0 .4 8 0 .4 0 Q • 48
3 .4 0 0 .3 4 0 .4 3 0 .3 8 0 .4 6
4 .7 6 0 .4 0 0 .5 1 0 .4 3 0 .45
Machine stopped , E p lo y c lic  dear lo cked .
2 5 .8 0 .4 3 0 .6 0 0 .4 6 0 .5 7
38 0 .4 3 0 .6 0 0 .4 5 0 .5 3
52 0 .4 3 0 .5 7 Q. 45 0 .5 3
75 0 .4 5 0 .5 7 0 .4 5 0 .5 1
9 3 .5 0 .4 0 0 .5 7 0 . 45 0 .5 1
116 0 .3 7 0 .5 4 0 .4 5 0 .4 9
131 0 .4 3 0 .5 1 0 .4 5 0 .4 9
156' 0 .4 0 0 .5 1 0 .4 4 0 .5 0191 0 .3 7 0 .5 1 0 .4 3 0 .4 9
245 0 .4 0 0 .5 7 0 .4 8 Q • 52
270 0 .3 7 0 .5 0 0 .4 3 0 .4 9
340 * 0 .4 8 0 .5 4 0 .4 8 0 .5 1
381 0 .3 4 0 .4 6 0 .4 2 0 .4 8
476 0 .4 3 0 .5 1 - 0 .5 0
530 0 .3 1 0 .4 3 0 .3 8 0 .4 6
830 0 .3 7 0 .4 3 0 .4 4 0 .5 0
1220 0 .4 3 0 .4 0 0 .4 3 0 .4 8
170© 0 .4 3 0 .4 0 0 .4 2 0 .4 5
6QaF








P u l l  im lb .
. Temp.
f t . / m i n . 7 15 Loa 
7 l b / i n 2
d 14 lb  Load 
14 l b / i n 2
28 lb  Load 
28 l b / i n
17 lb  Load 
34 l b / i n 2 J
2 5 .8 3 .0 4 .2 1 2 .6 9 .8
1
60QF .
38 3 .0 4 .2 1 2 .4 9 .2
52 3 .0 4 .0 1 2 .4 9 .2
75 3 .2 4 .0 1 2 .4 8.8:
93. 5 2 .8 4 .0 1 2 .8 8 .8
116 2 .6 3 .8 1 2 .2 8 .4
131 3 .0 3 .6 1 2 .4 8 .6
156 2 .6 3 .6 1 2 .0 8 .6 8 0 °F .
191 2 .8 3 .6 1 1 .9 8 . 4
245 2 .6 4 .0 1 3 .4 9 .0
270 2 .8 3 .5 1 1 .8 8 .4
340 2 .6 3 . 8 1 3 .4 8 .8
381 3 .4 3 .2 1 1 .6 8 .2
476 2 .4 3 .6 - 8 . 6 I@ C°F.
530 3 .6 3 .0 1 1 .4 8 .0
830 2 .4 3 .0 1 2 .2 8 .6
1 2 0 °F .1120 2 .6 2 .8 1 2 .0 8 .2
1700 3 .0 2 .8  1 1 .6
Diagrams to  show th e  
appearance o f  F a b r ie  
a f t e r  t e s t .
7 .8
( i i ) 'F e ro d o 1 Bonded A sbestos. Machine So. 2 .8  lb .
Speed C o e f f ic ie n t o f F r ic t io n Temp.f t . / m i n .
1 l b / l a 2 14 l b / l a 2 28 l b / i n 2 ^ 3 4  l b / i n 2
0 .25 8 0 • 37 0 .4 0 0 .4 2 0 .4 3
0 .3 8 0 .3 7 0 .4 6 0 .3 9 0 .4 3
0 .5 2 0 .4 0 0 .3 9 0 .3 9 0 .3 8
0 .7 5 0 .4 0 0 .4 3 0 .4 0 0 .4 5
1 .1 6 0 .4 6 0 .4 6 0 .3 9 0 .4 6
1 .5 6 0 .3 7 0 .4 6 0 .3 8 0 .4 7
2 .4 3 0 .3 1 0 .4 8 0 .4 0 0 .4 8
3 .4 0 0 .3 4 0 .4 3 0 .3 8 Q .46
4 .7 6 0 .4 0 0 .5 1 0 .4 3 0 .4 5





































0 .6 0 0 .4 6 0 .5 7
0 .6 0 0 .4 5 0 .5 3
0 .5 7 0 .4 5 0 .5 3
0 .5 7 0 .4 5 0 .5 1
0 .5 7 0 .4 5 0 .5 1
0 .5 4 0 .4 5 0 .4 9
0 .5 1 0 .4 5 0 .4 9
0 .5 1 0 .4 4 0 .5 0
0 .5 1 0 .4 5 0 .4 9
0 .5 7 0 .4 8 Q. 52
0 .5 0 0 .4 3 0 .4 9
0 .5 4 0 .4 8 0 .5 1
0 .4 6 0 .4 2 0 .4 8
0 .5 1 - 0 .5 0
0 .4 3 0 .3 8 0 .4 6
0 .4 3 0 .4 4 0 .5 0
0 .4 0 0 .4 5 0 .4 8




D u rin g  th e  w ord ing  w ith  t h is  m a te r ia l  i t  w%s found
th a t  th e  machine showed up a f ie rc e n e s s  o f g r ip  a t  slow
speeds.
'To'&fe 'S -
( i i )  •B reko* Bonded A sb esto s . C onstant f o r  m achine 2 .8  l b .
Speed 
f t . / m i n .
P u l l  in  l b .
7 lb  lo a d  1 7 .2 1 b  lo a d  2 7 .4 2 b lo a d  1 7 .2  lb  lo a d  2 2 *5  lb  lo a d  
7 l b / i n 2 1 7 .2  l b / i n 2 2 7 .4  l b / i i £ 3 4 . 4  l b / i n 2 4 4 .6  l b / i n 2
0 2 .6 8 .2 1 2 .8 7 .1 9 .4
0 2 .6 7 .8 1 2 .4 7 .6 9 .8
0 3 .0 7 .8 1 2 .2 7 .8 1 0 .4
0 2^8 7 .8 1 3 .0 7 .0 9 .0
1 .1 6 2 .8 8 .0 1 3 .2 7 .6 1 0 .0
1 .5 0 2 .4 7 .2 1 2 .4 , 7.66 1 0 .0
2 .4 5 3 .0 8 .6 1 3 .6 6 .2 8 .6
3 .4 2 .6 7 .8 1 3 .6 7 .0 9 .6
4 .7 6 2 .1 7 .0 1 3 .5 8 .0 1 0 .0
Machine istopped to  lo c k  E p ic y c lic  Gear
t 2 5 .8 2 .4 6 .6 1 0 .8 6^0 7 .8
\ 38 2 .4 6 .8 1 0 .8 5 .8 7 .6
52 2 .2 6 .4 1 0 .4 6 .8 7 .6
75 2 .0 6 .4 9 .8 5 .8 7 • 6<-
9 5 .5 2 .1 6 .0 9 . 6 5 .6 7 . 2
116 2 .0 5 .8 9 .4 5 .4 7 .2
131 2 .0 6-^0 9 .4 5 .6 7 .1
156 1 .8 6 .4 9 .2 5 .4 7 .0
191 1 .6 6 .4 9 .2 . 5 .6 7 .0
245 2 .2 5 .8 1 0 .6 5 .4 7 .6
270 2 .0 6 .6 9 .4 5 .4 7 .0
340 2 .4 5.6c 1 0 .1 6 .8 7 .8
381 1 .8 6 .2 ; 9 .2 5 .4 6 .8
476 2.6i) 5 .8 6 .2
530 1 .8 6 .6 8 .8 5 .0 6 .8
830 1 .8 5 .6 9 .3 5 .4 7 .2
1220 2 .0 3 .8 9 .0 5 .6 7 . 6
I Note^ W ith  t h is  ma.tAr1al th e  f r i c t i o n  machine worked
v e ry  sm ooth ly .
( i i i )  •Breko* Bonded A sbestos. C onstant fo r  machine 2 .8  l b .
Speed C o e f f ic ie n t  of E r ic t io n
•  W w  I H m A  W
7 l b / i n2 1 7 .2  lb / i n &  2 7 .4  Vo/irfi 34 l b / i n 2 4 4 . 6 l b / i n 2
0 .2 6 8 0 .3 7 0 .4 8 0 .4 7 0 .4 1 0 .4 2
0 .3 8 0 .3 7 0 .4 5 0 .4 5 0 .4 4 0 .4 4
0 .5 2 0 .4 2 0 .4 5 0 .4 5 0 .4 3 0 .4 6
I 0 .7 5 0 .4 0 0 .4 5 0 .4 7 0 .4 1 0 .4 1
1 .1 6 0 .4 0 0 .4 6 0 .4 8 0 .4 4 0 .4 6
1 .5 6 0 .3 4 0 .4 2 0 .4 5 0 .4 4 0 .4 6
2 .4 5
<9 A  A
0 .4 2 0 .5 0 0 .4 9 0 .4 1 0 .4 3
3 .4 0
Jk ^ 0 .3 7 0 .4 5 0 .4 9 0 .4 1 0 .4 3
4 .7 6 0 .3 0 0 .4 1 0 .4 8 0 .4 6 0 .4 4
Machine stopped to  lo o k  E p ic y c lic  Gear
3 S %
Speed 
f t  ,/m in
C o e f f ic ie n t  o f F r ic t io n
7 l b / i n 2  1 7 .2  l b / i n 2 - 2 7 .4  l b / i n 2  34 l b / i n 2  4 4 .6  l b / i n 2
u ... . -
1 25*8 0 .3 4 0 .3 8 0 .3 9 0 .3 5 0 .3 5
1 58 0 .3 4 0 .3 9 0 .3 9 0 .3 4 0 .3 4
1 52 0 .3 1 0 .3 7 0 .3 8 0 .3 4 0 .3 4
! 75 0 .2 9 0 .3 7 0 .3 5 0 .3 4 0 .3 4
1 95 .5 0 .3 0 0 .3 7 0 .3 5 0 .3 3 0 .3 2
! 116 0 .2 9 0 .3 5 0 .3 4 0 .3 1 0 .3 2
\ 131 0 .2 9 0 .3 4 0 .3 4 0 .3 2 0 .3 2
; 156 0 .2 6 0 .3 5 0 .3 4 0 .3 1 0 .3 1
i 191 0 .2 6 0 .3 5 0 .3 4 0 .3 1 0 .3 1
1 245 0 .3 1 0 .3 7 0 .3 8 0 .3 3 0 .3 1
) 270 0 .2 9 0 .3 4 0 .3 4 0 .3 1 0 .3 4
i 340 0 .3 4 0 .3 8 0 .3 7 0 .3 3 0 .3 2
1 381 0 .3 5 0 .3 3 0 .3 4 0 .3 0 0 .3 0
i 476 0 .3 7 0 .3 6 • 0 .3 6
i 530 0 .2 6 0 .3 0 0 .3 2 0 .3 0 0 .3 1
i 830 0 .2 6 0 .3 3 0 .3 4 0 .3 1 0 .3 2
1.220 0 .2 8 0 .3 4 0 .3 4 0 .3 1 0 .3 2
1.700 0 .2 8 0 .3 4 0 .3 3 0 .3 2 0 .3 4
There was p r a c t ic a l ly  no change in  te m p e ra tu re
■i th roug hou t th e  t e s t ,
I  ~fc6IeYE
( IV )  •Raybestos* Bonded A sb esto s . C onstant f o r  m achine 2 *8  l b .j
j
P u l l in  l b .Speed
! • /m in  #
' 7 lb  lo ad  1 7 . 2k;lb lo a d  27 •4  lb  lo a d 1 7 .2  lb  lo a d  2 2 *3  lb  lo a d
7 l b / i n 2 1 7 .2  1 b / in 2- 2 7 .4 - l b / i n 2 3 4 .4  Ib / in S 4 4 .6  l b / i n&
0 .2 6 8 2 .6 7 .2 1 1 .4 7 .0 8 .8
0 .3 8 2 .6 7 .0 1 1 .0 7 .0 9 .2
0 .6 2 2 .8 7 .4 1 2 .2 7 .0 8 .6
0 .7 5 3 .0 7 .4 1 2 .0 7 .0 9 .2
1 .1 6 2 .4 7 .2 1 1 .4 7 .6 9 .5
1 .5 6 3 .2 / 7 .6 1 2 .0 7 .0 9 .0
2 i4 5 3 .0 7 .4 1 1 .6 7 .6 1 0 .4
3 .4 0 2*6 7 .0 1 1 .0 7 .4 9 .6
4 .7 6 3.22 8.2k; 12.2k; 7 .8 1 0 .4
Machine stopped to  !Loch E p ic y c lic  Gear
2 5 .8 2 .4 7 .6 1 2 .2 7 .4 9 .638 2 .4 7 .0 1 1 *4 7 .0 9 .2
52mg 2 .6 7 .0 1 1 .0 6 .8 6 .076 2 .4 7 .2 1 1 .2 7 .2 9 .693 • 5 2 .5 7 .0 11 .Z 6 .8 9 .2116 4 M ■ 2 .6 6*4 1 0 .6 6 .5 9 .0131 2 .4 6 .6 1 1 .0 6 .6 8 .8
156 2 .0 6 .0 1 0 .6 6 .2 8 .4
191 2 .2 6 .2 1 0 .4 6 .4 8 .4245 2 .8 7 .2 1 1 .4 7 .4 9 .6
270 2 .4 6 .6 1 0 .8 6 .8 8 .8
340 2 .8 7 .2 1 0 .4 7 .4 9 .4
381 2 .2 6 *2 1 0 .0 6 .4 8 .4
476 2 .4 6 .8
530 2 .2 6 .2 1 0 .0 6 .0 7 .6
830 2 .6 6 .6 1 0 .8 6 .4 8 .6
1220 2 .2 6 .4 1 0 .4 6 .2 8 .4
1700 2 .0 6 .0 1 0 .4 6 .3 8 .6
V
( IV )  ’R&ybestos* Bonded A sb esto s . C onstant f o r m achine 2 .8  lb
C o e f f ic ie n t  o f f r i c t i o n
Speed ____________
f t  . /m in .
7 l b / i n 2 1 7 .2  l b / i n ^ 2 7 .4  l b / i n 2 3 4 .4  l b / i n a 4 4 .6  l b / i n 21
0 .2 5 8 0 .3 7 0 .4 8 0 .3 8 0 .4 1 0 .3 9
0 .3 8 0 .3 7 0 .4 1 0 .4 0 0 .4 1 0 .4 1
0 .5 2 0 .4 0 0 .4 3 0 .4 4 0 .4 1 0 .3 9
0 .7 5 0 .4 2 0 .4 3 0 .4 4 0 .4 1 0 .4 1
1 .1 6 0 .3 8 0 .4 2 0 .3 8 0 .4 4 0 .4 2
1 .5 6 0 .4 5 0 .4 4 0 .4 4 0 .4 1 0 .4 0
2 .4 5 0 .4 3 0 .4 3 0 .4 0 0 .4 4 0 .4 6
3 .4 0 0 .3 8 0 .4 1 0 .4 0 0 .4 3 0 .4 3
4 .7 6 0 .4 5 0 .4 7 0 .4 4 0 .4 5 0 .4 6



















0 .3 4 0 .4 4 0 .4 0 .4 3 0 .4 3
0 .3 4 0 .4 1 0 .4 0 .4 1 0 .4 1
0 .3 7 0 .4 1 0 .4 0 .3 1 0 .4 0
0 .3 4 0 .4 2 0 .4 0 .4 1 0 .4 3
0 .3 6 0 .4 1 0 .4 0 .3 1 0 .4 1
0 .3 7 0 .3 7 0 .3 9 0 .3 7 0 .4 0
0 .3 4 0 .3 8 0 .4 0 0 .3 8 0 .3 9
0 .2 9 0 .3 5 0 .3 9 0 .3 6 0 .3 8
0 .3 1 0 .3 6 0 .3 8 0 .3 7 0 .3 8
0 .3 7 0 .4 2 0 .4 2 0 .4 3 0 .4 3
0 .3 4 0 .3 8 0 .3 9 0 .4 0 0 .3 9
0 .4 0 0 .4 1 0 .3 8 0 .4 3 0 .4 7
0 .3 2 0 .3 6 0 .3 7 0 .3 7 0 .3 8
0 .3 4 0 .3 9 _ _
0 .3 2 0 .3 6 0 .3 7 0 .3 5 0 .3 4
0 .3 7 0 .3 8 0 .3 9 0 .3 7 0 .3 9
0 .3 2 0 .3 7 0 .3 8 0 .3 6 0 .3 8
0 .3 0 0 .3 5 0 .3 8 0 .3 7 0 .3 8
machine worked sm oothly w ith  t h is m a t e r ia l . There is
(V) The brake l i n in g  m a te r ia l  as now m anufactured  is  a  
v e ry  much improved p ro d u c t. A t e s t  was c a r r ie d  out on 
f r i c t i o n  fa b r ic  w hich was found to  be composed o f A sb esto s, 
Magnesium Compound, P u l l e r ’ s B a r th , and about 30 p e r  c e n t ,  
o f c o tto n , th e  whole im pregnated w ith  what th e  maker c a l le d  
a se c re t ’ P r ic t io n * .  I t  is  a t  le a s t  20 y e a rs  o ld  and had 
been sent to  th e  L a b o ra to ry  o f th e  Mechanics Departm ent o f  
th e  R oyal T e c h n ic a l C o lleg e  f o r  t e s t in g  purposes, and had 
to  be g iven  up as no c o n s is te n t re s u lts  cou ld  be o b ta in e d . 
The makers c la im ed a c o e f f ic ie n t  o f  0 .4 .
Using th e  P r ic t io n  Machine th e  fo llo w in g  r e s u lts  were 
o b ta in e d .
JM L . C onstant f o r  m achine 2 .8  l h .
S ta t ic Speed 
f t  . /m in .
7 Xb/irfi 14 l b / i n 2 1 7 .0 5  l b / i n 2P3f£ P u l ll b .
2 5 .8 2 .8 0 .8 0 4 .5 0 0 .6 4 5 9 .0 0 .6 9
38 2 .6 5 0 .7 6 4 .8 0 0 .6 7 5 .8 0 0 .6 8
0 .3 52 2 .4 5 0 .7 0 4 .8 0 0 .6 8 4 .9 7 0 .5 9
75 2 .6 0 .7 4 4 .5 5 0 .6 5 5 .8 5 0 .6 8
to 9 5 .5 2 .7 5 0 .7 8 4 .9 0 0 .7 0 5 .8 7 0 .6 9
116 • 6 .0 5 0 .7 1
0 .4 131 2 .7 0 .7 7 4 .8 5 0 .6 9 5 .6 5 0 .6 6
156 • mm 6 .0 0 0 .7 1
Using 191 2 .6 0 .7 4 4 .6 5 0 .6 6 6 .0 5 0 .7 1
245 mm «a* • 5 .9 0 0 .6 9
Brake 270 2 .5 5 0 .7 3 4 .5 0 0 .6 4 5 .8 5 0 .6 8
340 - 5 .7 5 0 .6 8
W heel• 381 2 .4 5 0 .7 4 .2 0 0 .6 0 5 .5 7 0 .6 5
476 _ • MB 5 .4 0 0 .6 3
530 MB _ 5 .2 0 0 .6 2
830 • • 5 .1 0 0 .6 0
1220 • 5 .0 5 0 .5 9
1700 - - — - 4 .3 5 0 .5
A change in  th e  te m p era tu re  from  60° to  2 5 0 °P . low ered  
t h e / c - f-rbyn. 0 .7  to  0 .2  when ta k e n  in  c o n ju n c tio n  w ith  th e
1 7 ,0 5  l b . / i n ^  p re s s u re . Running a t  t h is  te m p e ra tu re , 250°F .
f o r  f iv e  m inutes d es tro yed  th e  fa b r ic  m a t e r ia l .  I t  would  
c e r t a in ly  be d a n g e ro u s /th is  f r i c t i o n  f a b r ic ,  f o r  continuous  
lo w e rin g  purposes on a m ine in c l in e .  The m a te r ia l  appeared  
f a i r l y  hard  b u t a soaking  in  w a te r  alm ost d estro yed  i t s  fo rm ,* * * / 
'even a t low tem p era tu re  th e  w ear was e x c e s s iv e .
(V I)  A f te r  th e  usual te s ts  were c a r r ie d  out on t h is  pure  
asbestos f r i c t i o n  b rake  l i n i n g ,  ‘Chekko1, th e  s m a ll d r iv in g  
p u lle y  was re p la c e d  by a 2 2 - in c h  p u l le y .  C a l ib r a t io n  o f th e
speeds o f th e  machine gave th e  fo l lo w in g : -
— ■ —  -  f t .  n e r ra in .
W ith  E p ic y c lic  
Gear 1 .3 7  1 .9 4 2 .8 3  4 .2 4  5 .2 8 .5  1 2 .4 1 7 .3  2 5 .5
W ith out E p ic y c lic  
Gear 142 175 305 421 587 815 1360 2040 2580
I t  w i l l  be seen on exam ining th e  p rev io u s  ta b le s  o f  
speeds th a t  in  th e  p o r t io n  marked *Machine stopped to  lo c k  
E p ic y c l ic /
E p ic y c lic  Gear* th a t  thenspeed changes from  4 .7 6  to  2 5 .8  
f t .  p e r  m in . T h is  r a th e r  "big change in  c ra w l speeds has 
"been " b e a u t ifu l ly  spanned by th e  la s t  f iv e  speeds in  th e  
to p  l i n e  o f t a b le ,  nam ely 5 .2  to  2 5 .5  f t .  p e r  m in . There  
is  a ls o  a g a in  o f th re e  new to p  speeds 1560 to  2580 f t .  
p e r m in . The a u th o r does no t recommend th e  f r e q u e n t  use 
o f th ese  h ig h  speeds as th e  E p ic y c lic  Gear was designed to  
run a t  v e ry  slow speeds.
(V I)  ’ Chekko1 Bonded Pure A sb esto s, L ig h t Brass B onding . 
7a/>/e v
C o e f f ic ie n t  o f E r ic t io n ,
Sneeds ^
ft./m in . 21>3? lto/ in2 28 xb/in2 35.65 lb /in 2 45.85 lb /in 2
1 .5 7 0 .4 6 0 .4 3 0 .5 4 0 .5 4
1 .9 4 0 .4 7 0 .4 6 0 .5 5 0 .5 4
2 .8 5 0 .4 8 0 .4 7 0 .5 6 0 .5 4
4 .2 4 0 .4 8 0 .4 7 0 .5 7 0 .5 6
5 .2 0 .4 8 0 .4 9 0 .6 1 0 .5 8
8 .5 0 .4 9 0 .5 1 0 .6 3 0 .5 8
1 2 .4 0 .4 9 0 .5 3 0 .6 1 0 .5 8
1 7 .3 0 .5 0 0 .5 4 0 .6 0 0 .5 8
2 5 .5 0 .5 5 0 .5 5 0 .6 0 0 .5 9
M achine stopped to lo c k  E p ic y c lic G ear.
96 0 .6 3 0 .6 4 0 .6 1 0 .6 0
136 0 .6 2 0 .6 2 0 .6 5 0 .5 8
142 0 .5 6 0 .6 3 0 .6 6 0 .6 0
175 0 .5 8 0 .6 6 0 .5  6 0 .5 9
305 0 .6 4 0 .6 0 0 .6 0 0 .5 5
421 0 .5 8 0 .5 5 0 .6 2 0 .5 7
587 0 .5 6 0 .4 9 0 .5 3 0 .5 0
815 0 .5 4 0 .4 7 0 .5 3 0 .4 8
1360 0 .5 3 0 .4 5 0 .5 4 0 .5 1
2040 0 .4 8 0 .4 3 0 .5 2 0 .4 9
2580 0 .4 6 0 .4 1 0 .5 0 0 .4 9
Prom 1$ inch  d ia m e te r p u l le y  d r iv e n  from  th e  E .G . m o to r, 
th e  o th er seven speeds o f t h is  s e r ie s  b e in g  n e g le c te d .
Wear Test on *Chekkol Bonded A sbestos.
Room Tem perature a t  1 1 .5 5  a .m . 49«P.
M icrom eter Readings b e fo re  T es t 1 .9 1 2 5  (c o ld )
A f te r  T e s t 1 .9 0 9 5  (c o ld )
D if fe re n c e  0 .0 0 5 2  inches -s urea/
P u l l  on S p rin g b a la n c e , 9 .2  l b .  Zero Reading 2 .8  l b .
Bji&ance a im, 2 : 1 .
Speed 2000 f t .  p e r  m in u te . Load 21% l b .

■3niUA v m u A
Time S p rin g  B alance  
P u l l ,  l b .
Tem perature v a lu e •
yO.
1 1 ,3 5  a .m . 9 .2 4 9 ° ! '. 0 .6
12 9 .4
1 2 ,1 5  p ,m . 9 .3 5
1 2 .3 0 9 .2 5 6 5 °p .
1 2 .4 5 9 .1 5
70 “P .1 9 .1 5 0 .5 8
1 .1 5 9 .1 5
1 .3 0 9 .1 5 7 5 °P .
1 .4 5 9 .1 5
76°]?.2 9 .1 5
2 .1 5 9 .1 0
2 .3 0 9 .0 5
2 ,3 5 0 .0 5 7 6 °P . 0 .5 6
Load changed to  3 6 .6 5  l b . A
2 .5 0  p .m . 1 2 .4 5 7 5 °F . 0 .5 3
3 1 2 .5 5 80 °P .
3 .1 0 1 2 .5 8 8 5 °P . 0 .5 5
3 .4 0 1 2 .5 5 950P.
4 1 2 .5 5 1 00OP. 0 .5 4
4 .2 0 1 2 .5 1 0 5 °P .
4 .4 0 1 2 .4 5 110 °P . 0 .5 3
4 .5 0 1 2 .4 5 1 1 0°P .
5 1 2 .4 5 110 ° F . 0 .5 4
Roarn Tem perature 5 2 °F . M ic ro m e ter (1 ,9 0 9 3  -  1 ,9 0 8 9 )
8 0 ,0 0 4  in c h e s •
When th e  ’Chekko* m a te r ia l  is  to  be s u p p lie d  f o r
c lu tc h e s  th e  makers p re s c r ib e  a s p e c if ic  lo a d in g
12  to  20 l b / i n ^ .  ordeY to  c a r r y  out •
tem p eratu re  te s ts  ta k in g  two d i f f e r e n t  lo ad s  and speeds,
•fdf
JFour bunsen flam es^arrang ed  round th e  i n t e r i o r  o f th e  
r im  su p p lied  th e  h e a t .  I t  was a fte rw a rd s  found th a t  
these re q u ire d  to  be augmented by th e  a id  o f two blow  
lam ps, and th e  b rake  w h e e l/s h ie ld e d  from  th e  c o ld  
draughts as much as p o s s ib le .
^ h ekko * Bonded A sbestos. M ic ro , re a d in g s , 1 ,9 2 0 7 .
Time o f Rim °P .
C o e f f ic ie n t  o f  
F r i c t i o n , ^
Remarks 
D ia .  26"
2 .4 5  p .m . x n o  





S urface  d ry , Speed
1360 f t /m in  
S p e c if ic  lo a d ,
2 l |  l b / i n 2
Wheel p a r t ly  enclosed
3 .2 0  p .m . 242 
4 .1 0  163 
4 .1 8  70
0 .5 2
0 .7 0
0 .6 4 7
Speed 587 f t . / m i n .  
S p e c if ic  Load 7 l b / i n 2









The e x c e s s i v e  w ear  d u r i n g  t h e  f i r s t  p e r i o d  o f  w e a r -  
t e s t s  i s  more n o t i c e a b l e  w i t h  t h e  woven m a t e r i a l  t h a n  w i t h  
t h e  h i g h l y  p r e s s e d (  u n d e r  t e m p e r a t u r e j  m oulded  m a t e r i a l .
The l a t t e r  can  be  m a ch in ed  and d o e s  n o t  r e q u i r e  much 
r u n n i n g - i n ,  s i n c e  t h e  b e a r i n g  s u r f a c e  i s  more r e g u l a r  t h a n  
w i t h  t h e  more s o f t  woven and i m p r e g n a t e d  m a t e r i a l .
From t h e  a v e r a g e  v a l u e s  o f  a  l a r g e  number o f  t e s t s  on 
woven f a b r i c  p u r e  a s b e s t o s  t h e  c u r v e s  i n  F i g .  9  h a v © *>©en
U)htC ly)
p l o t t e d .  These o>as  e x c e s s i v e  w e a r a t ^ w / g r a d u a l l y  dropp£a£ 
down t o  an a l m a s / s t a t i o n a r y  v a l u e  o f  w ear  ; the cums show t h a t  t h e  
r i s e  i n  t e m p e r a t u r e  i s  a l m o s t  c o n s t a n t ;  w h i l e  t h e  v a l u e  o f  
t h e  c o e f f i c i e n t  o f  f r i c t i o n  f a l l s  u n i f o r m l y  o v e r  t h e  f i r s t  
f o u r  t e s t s ,  24 m i n u t e s ,  and  t h e n  r e m a i n s  a l m o s t  c o n s t a n t  o v e r  
a  lo n g  p e r i o d  t e s t .  The p e r i o d  o f  t im e  b e tw ee n  e a c h  t e s t  
was a  h a l f  m i n u t e ,  and t h e  f r i c t i o n  w h ee l  was p r o t e c t e d  f ro m  
c o l d  c u r r e n t s .
Between room t e m p e r a t u r e  and 300°F .  t h e  w ear  a p p e a r s  t o  
be d i r e c t l y  i n  p r o p o r t i o n  t o  t h e  amount o f  work d i s s i p a t e d  a t  
t h e  b ra k e  w hee l  r im .  Above 300°F .  t h e  wear  i s  e x c e s s i v e  
and grows r a p i d l y  f o r  a l l  Woven Bonded F a b r i c s ;  i t  i s  i n  t h i s  
r e g i o n  t h a t  f a b r i c s  c o n t a i n i n g  c o t t o n  become c h a r r e d .  The 
wear f o r  n e a r l y  a l l  f a b r i c s  i s  t w i c e  a s  g r e a t  a t  520° a s  a t  
260°F . f o r  s i m i l a r  s p e e d s .
E f f e c t  o f  Change o f  P r e s s u r e  and S n eed ,  b u t  m  s  c o n s t a n t .
During t h e  t e s t s  w i t h  c o n s t a n t  t e m p e r a t u r e  r e g u l a t e d  by 
t h e  bunsen  gas  f l a m e ,  t h e  amount o f  w ea r  was u n c h a n g ed  by 
a d d in g  lo a d  and d e c r e a s i n g  s p e e d ,  o r  d e c r e a s i n g  l o a d  and  
i n c r e a s i n g  s p e e d ,  t o  g i v e  e q u a l  works  ( p . v . ) .  W i th  a  f a b r i c  
m a t e r i a l  h a v in g  a  l o w / * - - v a l u e  i t  i s  found  b e t t e r  t o  work 
w i t h /
w i t h  a low p - v a l u e ,  s a y  10 t o  12 l b / i n 2 maximum and  a  h i g h  
r u b b i n g  speed  V. With, t h e  h i g h  c o e f f i c i e n t  o f  f r i c t i o n  
f a b r i c s  a  p r e s s u r e  o f  30 l b / i n ^  i s  f o u n d  t o  b e  more s u i t a b l e  
w i t h  low er  r u b b i n g  s p e e d .  T e s t s  c a r r i e d  o u t  on a  d r o p -  
hammer f e r o d o  b r a k e  l i f t i n g  t u p  showed t h a t ,  when 5 0 , 0 0 0  f t .  
l b .  p e r  s q . i n .  p e r  m in u te  wais demanded f ro m  l i n i n g ,  t h e  
m a t e r i a l  wore o u t  v e r y  r a p i d l y  w i t h  a i r  c o o l e d  b r a k e  r i m  
p u l l e y ,  b u t  w i t h  w a t e r  c o o le d  b r a k e  p u l l e y  t h e  w ear  was n o t  
e x c e s s i v e .  A l l  t e s t s  c a r r i e d  o u t  on t h e  v a r i o u s  f a b r i c s  
show t h a t  i t  i s  n o t  a d v i s a b l e  t o  d e s i g n  f o r  more t h a n  
1 2 ,5 0 0  f t . l b .  p e r  s q . i n .  p e r  m i n u t e .  A g r a p h  showing  
s p e c i f i c  w ork ,  H . P . h r .  p e r  s q . i n .  p l o t t e d  on t e m p e r a t u r e  ° P .  
i s  g i v e n  a t  P i g .  IO .
E f f e c t  o f  B ap id  H e a t in g  on A  - v a l u e .
A new b r a k e  l i n i n g  h a v i n g  a ^ - v a l u e  ■* 0 . 4 8  at®350 P.
i s  a p p l i e d  t o  t h e  b r a k e  w hee l  w hich  when r u n n i n g  h a s  t h e  
t e m p e r a t u r e  r a i s e d  t o  n e a r l y  350°P .  b e f o r e  a p p l y i n g  t h e  b r a k e .  
A f t e r  t h e  b r a k e  i s  a p p l i e d  t h e  t e m p e r a t u r e  r i s e s  r a p i d l y  t o  
5 7 5 ° F . ,  t im e  a p p r o x i m a t e l y  10 m i n u t e s .  T h e ^ - ' v a l u e  o f  t h e  
m a t e r i a l  i s  r e d u c e d  t o  0.1.8 and may b e  t a k e n  on a v e r a g e  a s  
0 . 2  f o r  20 m in u te s  b e f o r e  d i s i n t e g r a t i o n  o f  l i n i n g  m a t e r i a l  
t a k e s  p l a c e .  The same m a t e r i a l  a t  &25°F. h a s / < - v a l u e  = 0.4^ 
b u t  when r a i s e d  to  575°$ .  i n  10 m i n u t e s  h a s  s t i l l  ^ a ^ - v a l u ©
-  0 . 3 5 ,  and n e v e r  goes  u n d e i y ^  -  0 . 3 .  I n  b o t h  c a s e s  t h e  
y U - v a l u e  i n c r e a s e s  a s  d i s i n t e g r a t i o n  o f  l i n i n g  t a k e s  p l a c e  
c a u s e d  by t h e  b i n d i n g  m a t e r i a l  becom ing  p l a s t i c .  I t  was 
a l s o  found t h a t  t h e  more s lo w ly  a  b r a k e  l i n i n g  i s  h e a t e d  up  
t h e  l e s s  l i k e l y  i s  t h e  b o n d in g  m a t e r i a l  t o  l e a v e  t h e  f a b r i c .  
The g r a p h ,  P i g , / /  , shows how t h e  c o e f f i c i e n t  o f  f r i c t i o n  
v a r i e s  w i th  t e m p e r a t u r e  i n  a  number o f  f a b r i c s .  T a k in g  an 
a v e r a g e  o f  f i v e  d i f f e r e n t  makers* l i n i n g s ,  t h e  maximum T ^ v a lu e  
i s  a b o u t  250°P. and t h e  minimum 400°P .
E f f e c t /
E f f e c t  o f  Roughen ing  S u r f a c e  o f  B rake  Rim^ -  
Some c o t t o n  and  duck f a b r i c s  hav e  b e e n  t e s t e d  w h ich  were  
made w i t h  a  s u l p h u r  g r e a s y  compound i n c o r p o r a t e d  w h i l e  u n d e r  
p r e s s u r e .  I t  was fo u n d  t h a t  o x i d i z a t i o n  to o k  p l a c e ,  and 
sm oothness  o f  a c t i o n  soon d i s a p p e a r e d .  Where c a s t  i r o n  drums 
have  b e e n  ro u g h e n e d  by a  f i l e  i t  h a s  b e e n  o b s e r v e d  t h a t  t h e  
f a b r i c  l i n i n g  s u f f e r s  v e r y  s e v e r e l y ,  and  a f t e r  a  r e l a t i v e l y  
s h o r t  t i m e ,  i t  i s  u n f i t  f o r  u s e .  An i r o n  cement  was a p p l i e d  
t o  a s m a l l  p u l l e y  r im  and F erodo  F i b r e  was u s e d  a s  a  b r a k e .  
Under t h e  a p p l i c a t i o n  o f  a v e r y  l i g h t  p r e s s u r e  w ear  was 
e x c e s s i v e  and h e a t  g e n e r a t e d  r a p i d l y ,  showing t h a t  i n  b r a k e  
l i n i n g s  a b r a s i o n  m a t e r i a l  would be d e t r i m e n t a l .
E f f e c t  o f  A p p ly in g  W ater  o r  L u b r i c a n t s  t o  B ra k e  W h e e l . -  
I n  t h i s  s e t  o f  e x p e r i m e n t s , " R a y b e s t o ^ 1, b onded  a s b e s t o s  
b r a k e  l i n i n g  i s  u s e d .  The s p e e d  i s  k e p t  ( a p p r o x . )  c o n s t a n t  
a t  10QQ f t .  p e r  m i n u t e ,  T ,  and w i t h  a  p r e s s u r e  o f  45 l b / i n 2  
t h e / t - v a l u e  i s  0 . 3 8 .  R a i s i n g  t h e  t e m p e r a t u r e  o f  t h e  b r a k e  
r im  i s  f o l l o w e d  by a d rop  i n  t h e  v a l u e  o f  t h e  c o e f f i c i e n t  
o f  f r i c t i o n .  Removing t h e  b u n s e n  b u r n e r s  and a p p l y i n g  w a t e r  
t o  t h e  s u r f a c e  o f  t h e  b r a k e  r i m  l o w e r s  t h e / ^  — v a l u e  
c o n s i d e r a b l y  and a s  l o n g  a s  t h e  w a t e r  i s  a l l o w e d  t o  w e t  t h e  
b r a k e  s u r f a c e  o f  t h e  w hee l  t h i s  c o e f f i c i e n t  becomes s m a l l e r .
On removing t h e  w a te r  and a g a i n  a p p l y i n g  h e a t  t h e ^ - v a l u e s  
r i s e s  a s  t h e  m o i s t u r e  d r i e s  o f f  and i s  n o t e d  t o  be g r e a t e r  t h a n  
o r i g i n a l  s t a r t i n g  v a l u e .  A s e r i e s  o f  t h e s e  c h a n g e s  a r e  
shown, F i g . / ^ ,  i n  o r d e r  t o  d e p i c t  t h e  v a r i o u s  c h a n g e s ;  
shocks  or  shudders a r e  s ee n  on t h e  b r a k e  w h e e l ' s  m o t io n .
When m o i s t  c o n d i t i o n s  p r e v a i l  d u r i n g  t e s t s  t h e  f o l l o w i n g  
changes  a r e  n o t i c e a b l e :
(1) t h a t  t h e  h ig h  r u b b i n g  v a l u e  o f  t h e  f r i c t i o n  f a b r i c  
m a t e r i a l s  change when w o rk in g  o n  cl. ojccter /&tn ea fec /$ vr fa re . -
(2)  t h a t ^ / i -  v a l u e s  f o r  a l l  m a t e r i a l s  a r e  lo w e re d  by one t h i r d  
d r y  t e s t  v a l u e a ;
( 3 ) /
4 6
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(5) Tha t  a  t h i n  c o a t i n g  o f  r u s t  o r  i r o n - o x i d e  h a s  b e e n  
fo u n d  t o  l o w e r  t h e / * - v a l u e  b y  one h a l f .
The p ad  p i e c e s ,  i n  one t e s t ,  a f t e r  b e i n g  f i t t e d  t o  t h e  
c u r v a t u r e  o f  t h e  b r a k e  drum w ere  a l l o w e d  t o  s o a k  i n  w a t e r  
f o r  t h r e e  d a y s .  The f a b r i c  m a t e r i a l  was d r y e d  on b l o t t i n g  
p a p e r  and p l a c e d  i n X h o l d e r .  I t  o n ly  r e q u i r e d  a  s e c o n d  o r  
two t o  r e a c h  t h e  maxim —v a l u e  y e t  t h e r e  c e r t a i n l y  was
a p p e a r  t o  a f f e c t  t h e  l i n i n g  a f t e r  t h e  f i r s t  t e s t  r u n  w h ic h  
p o i n t e d  t o  t h e  f a c t  t h a t  t h e  s u r f a c e  m o i s t u r e ,  r a t h e r  t h a n  
p e n e t r a t i o n  o f  w a t e r  i n t o  t h e  bonded  f a b r i c ,  was t h e  c a u s e  
o f  t h e  t e m p o r a r y  change  i n  t h e  v a l u e  o f  t h e  f r i c t i o n  
c o e f f i c i e n t .
To p r e v e n t  o i l  o r  w a t e r  d r i p  r e a c h i n g  t h e  r u b b i n g  
s u r f a c e ,  r u b b e r  c o a t i n g  i n  t h e  form o f  a  s o l u t i o n  h a s  b e e n  
t r i e d  on t h e  b r a k e  l i n i n g  l e a d i n g  e d g e .  i . e .  t h e  f i r s t  edge 
o p p o s in g  t h e  m o t io n  of  w h e e l .  E x p e r i m e n t s  on p a d s  w i t h  
r u b b e r  s o l u t i o n  on edges  were  n o t  c a r r i e d  t o  any l e n g t h ,  
b u t  showed c l e a r l y  t h a t  f l u i d  c o u ld  be  g u id e d  p a s t  t h e  b r a k e  
s u r f a c e  by  t h i s  s im p le  c o n t r i v a n c e .
E f f e c t  of  L u b r i c a n t  on F a b r i c  M a t e r i a l .
A par t  f rom t h e  l o w e r i n g  o f  t h e / £ - v a l u e ,  l u b r i c a t i o n  
d i d  no t  d e s t r o y  i n  any way t h e  d i e  p r e s s e d  f a b r i c  m a t e r i a l ,  
w h ic h ,  f r e e d  f rom o i l ,  soon  r e g a i n e d  i t s  no rm a l  c o e f f i c i e n t  
of  f r i c t i o n  v a l u e .  On h e a t i n g  up t h e  b r a k e  w h ee l  when 
t a l l o w  had  b e e n  a p p l i e d  t o  t h e  b r a k e - p a d  s u r f a c e s ,  v e r y  
e r r a t i c  g r i p p i n g  was shown on t h e  w h e e l* s  m o t i o n .  The 
p a s s i n g  from l u b r i c a t i o n  f i l m  t o  b o u n d a r y  l u b r i c a t i o n  and 
t h e n  t o  d ry  c o n d i t i o n  c o u l d  c l e a r l y  be  s e e n .  I t  was n o t  
i n t e n d e d  i n  t h i s  I n v e s t i g a t i o n  t o  t r y  ou t  t h e  d i f f e r e n t  
l u b r i c a t i n g  o i l s  t e s t e d  i n  t h e  a u t h o r * s  second  i n v e s t i g a t i o n ,  
b u t  as  a  m a t t e r  o f  i n t e r e s t  a  s e t  o f  b r a k e  p a d s  was s p a r i n g l y  
t r e a t e d /
a  d i s t i n c t  l a g  i n  r e a c h i n g ^ # . —v a l u e  fo u n d  m  p r e v i o u s  t e i  
The l i n i n g  was n o t  d e s t r o y e d  by  t h e  m o i s t u r e /an<l,tf'did 'no t
   i n   s t s .
t r e a te d  w ith  Bayonne o i l ,  c a s to r  o i l ,  and t a l lo w .
The m i n e r a l  o i l  was soon  ru b b e d  o f f  and  t h e  c o e f f i c i e n t  o f  
f r i c t i o n  o f  t h e  f a b r i c  c h a n g e d  r a p i d l y  f rom  0 . 1  t o  0 . 5 5 .
The t a l l o w  a p p e a r e d  t o  l a s t  l o n g e r  a s  a  l u b r i c a t i n g  medium 
w i t h  a  c o e f f i c i e n t  o f  0 . 1 5  r i s i n g  t o  0 . 3 5 .  The c a s t o r  o i l  
d i d  a p p e a r  t o  a f f e c t  t h e  l i n i n g  b u t  i n  r a t h e r  a  p e c u l i a r  way 
a s  i t  gave a  f r i c t i o n  c o e f f i c i e n t  r e a d i n g  o f  n e a r l y  0 . 2  and 
a t  one t im e  t h i s  v a l u e  r e a c h e d  0 . 4 1  show ing  t h a t  t h i s  o i l  
had  a c t e d  as  a  d r e s s i n g ;  on r u n n i n g  f o r  some t i m e  t h e  
v a l u e  f e l l  t o  0 . 3 5  w h ich  was t h e  d r y  c o e f f i c i e n t  v a l u e  o f  t h e  
f a b r i c  u n d e r g o i n g  t e s t .
On t h e  f r i c t i o n  m ach in e  e x p e r i m e n t s  hav e  b e e n  c a r r i e d
out  w i t h  d ry  and t a l l o w  c o a t e d  c o t t o n  o r  duck b e l t i n g .
As t h i s  i s  a  f a b r i c ,  w h ich  when i m p r e g n a te d  w i t h  r u b b e r ,  h a s
b e e n  u se d  f o r  b r a k e  l i n i n g s ,  a  few r e a d i n g s  a r e  g i v e n ;
f u l l e r  t e s t s  on t h i s  s u b j e c t  f rom a  d i f f e r e n t  p o i n t  o f  v iew
7
have  b e e n  made a t  t h e  R o y a l  T e c h n i c a l  C o l l e g e  b y  L a i r d  
T h i s  p a p e r  d e a l s  w i t h  " V isc o u s  e f f e c t s  i n  Dynamometer B e l t s " ,  
and t h e  a u t h o r  i n  r e a d i n g  o v e r  t h i s  p a p e r  f o r  p u b l i c a t i o n  
p u r p o s e s  soon d i s c o v e r e d  t h a t  L a i r d * s  i n v e s t i g a t i o n s  p o i n t e d  
t o  t h e  f a c t  t h a t  t h e  f o l l o w i n g  f o r m u la
/
T1 =  w here  Te «  T3L -  T2
e f f e c t i v e  t e n s i o n ,  was n o t  e a s y  o f  m a n i p u l a t i o n ,  s i n c e  t h e  
d i f f e r e n c e  i n  t e n s i o n s  depends  on b e l t  c r e e p  and s l i p ,  a r c  
o f  c o n t a c t  b e tw e e n  b e l t  and p u l l e y  f a c e ,  c h a r a c t e r  o f  p u l l e y  
s u r f a c e  and b e l t  s u r f a c e ,  a l s o  v e l o c i t y  o f  b e l t .  I n  t h e  
d ry  c o t t o n  b e l t  t e s t s  a  s l i g h t  f o r m a t i o n  o f  o x id e  on t h e  
b r a k e  r im  gave v a r i a b l e  r e a d i n g s ;  t h e  h u m i d i t y  o f  t h e  
a tm o s p h e r e ,  o r  t h e  l e a s t  t r a c e  o f  m o i s t u r e  i n  t h e  room 
c a u s e d  v a r i a t i o n s  i n  t h e  r e a d i n g s .  On t h e  i n t r o d u c t i o n  o f  
a n o t h e r  v a r i a b l e ,  namely a  t a l l o w  c o a t i n g  on t h e  c o t t o n
b r a k e  b an d ,  made Tx -  Tg s t i l l  more v a r i a b l e ,  and t h e  u s u a l  
b e l t /
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b e l t  f o r m u l a  ~=p=~ ^  £  was n o t  a p p l i c a b l e  a s  t h e  t e s t  
r e s u l t s  show, From t h e  c u r v e  p l o t t e d  f rom  e x p e r i m e n t a l  d a t a  
L a i r d  gave  t h e  f o r m u l a  7 ^ ~~ ' S  ^  Y**') w here
/? a c o e f f i c i e n t  o f  v i s c o s i t y ;  A i s  t h e  a r e a  o f  f i l m  i n  s h e a r  
o r  a r e a  o f  c o n t a c t  b e tw e e n  t h e  b e l t  and t h e  w h e e l ;  V i s  t h e  
speed  o f  s l i p p i n g ;  and W i s  c a l c u l a t e d  f rom end t e n s i o n s  as
The r e s e m b l a n c e  b e tw e e n  t h e  f o r m u l a  g i v e n  i n  t h e  
a u t h o r f s i n v e s t i g a t i o n  o f  l u b r i c a n t s  s u b m i t t e d  a s  p a r t  o f  
t h i s  t h e s i s  i s  v e r y  n o t i c e a b l e ,
(1) L a i r d ' s  (T , - 7 3 )  =
(2) a u t h o r ' s  s&l =  l u b r i c a t e d  b e a r i n g .
z  /y  \(3) B o sw & l l ’ s u. =  t5"zJ  f o r  c l e a r a n c e  b e a r i n g s *
(4) Dry  b e l t i n g  (T, ~~ v -̂) "  &
I f  t h e  t e s t i n g  o f  l u b r i c a t e d  c o t t o n  b e l t i n g  e n t a i l s  
t h e  c o n s i d e r a t i o n  of  f i l m  l u b r i c a t i o n  w i t h  a l l  i t s  i n h e r e n t  
d i f f i c u l t i e s .  F a b r i c  Brake  L i n i n g s ,  w h ich  a r e  made f rom  
bonded a s b e s t o s  ( p l u s  i n  some c a s e s  10 t o  30 p e r  c e n t  o f  
c o t t o n ) , b r a s s  w i r e  (which  does  n o t  a lw ays  h a v e  t h e  same 
b e a r i n g  s u r f a c e ) , and b o n d in g  m a t e r i a l  ( w i th  v a r y i n g  
v i s c o s i t y ) , added t o  t h e s e  t h e  p o s s i b i l i t y  o f  o i l  o r  w a t e r  
l u b r i c a t i o n  on b r a k e  w hee l  r im ^ g l l v e J i t o  th c s  i n v e s t i g a t i o n  
a  most d i f f i c u l t  number o f  v a r i a t i o n s  and c o m p l i c a t e d  
c o m b in a t io n s  of  v a r i a b l e s .
C o n s i d e r i n g  t h e  c u r v e ,  F i g .  / 3  w hich  h a s  b e e n  t a k e n  
from a  bonded a s b e s t o s  l i n i n g ,  t h e r e  a r e  t h r e e  d i s t i n c t  
p h a s e s  i n  t h i s  c u r v e  w h ic h  may b e  d e n o te d  by t h e  (1) B r a s s  
or  M eta l  p l a n e ,  (2) C o m p o s i t io n  s t a g e ,  (3) A s b e s t o s  P l a n e ;  
t h i s  i s  assum ing  no c o t t o n  m i x t u r e  i n  f a b r i c .
The p o r t i o n  f . d .  f e p r e s e n t s  t h e  c u r v e  o f  a s b e s t o s  a l o n e .
The p o r t i o n  a . e .  r e p r e s e n t s  t h e  c u r v e  o f  b r a s s  o r  m e t a l
a l o n e ,  where a , b , c , d  i s  t h e  a c t u a l  c u rv e  o b t a i n e d  f o r  t h e
m a te r ia l .  The f i r s t  p o r t io n  o f th e  c u rv e , namely l i n e  AA 
ap p ea rs /
5 ° .
a p p e a r s  t o  be  d e t e r m i n e d  by  t h e  i n t e n s i t y  o f  t h e  l o a d i n g ,  
b e i n g  n e a r  t o  f a  a x i s  t h e  h i g h e r  t h e  l o a d i n g  b e c o m e s .
The m e t a l  c u r v e  shows l i t t l e  ch a n g e  w i t h  i n c r e a s e  o f  s p e e d  
of  r u b b i n g ,  b u t  i n  t h e  Mc o m p o s i t e  s t a g e ” t h e / t - v a l u e  
i n c r e a s e s  r a p i d l y  w i t h  t h e  i n c r e a s e  o f  speed.. The a s b e s t o s  
p a r t  o f  c u r v e  d e c r e a s e s  w i t h  t h e  i n c r e a s e  o f  s p e e d ,  v e r y  
r a p i d l y  a t  f i r s t  and t h e n  becomes more n e a r l y  c o n s t a n t .
(1) f o r  m e t a l  a . » 0 . 5  t o  0 . 3 8  a v e r a g e  0 . 3 4  d e p e n d i n g
/  on t h e  m e t a l  u s e d .
(2) c o m p o s i t e  m a t e r i a l  (m e ta l , ;  a s b e s t o s  p l u s  b o n d in g
m a t e r i a l )  i n c r e a s e s  a t  t h e  r a t e  o f  0 . 1 5
p e r  100 f t .  p e r  m i n u t e .
o-oB
(3) f o r  a s b e s t o s  ss= 0 . 4 3  ^ s p e e d  , v , t h i s  b e i n g
an a v e r a g e  d e r i v e d  f rom c u r v e s  w i t h  7 l b  and 28 l b  p e r  s q . i n .  
p r e s s u r e  l o a d i n g ;  t h e  e q u a t i o n s  f o r  t h e  c u r v e s ,  F i g . / 3 * ^
OK
b e i n g  (a) l o g / ^  a - 0 . 3 5  - y . 02  l o g  s p e e d .
(b) l o g ^  s  - 0 . 3 8  -^?.Q4 l o g  s p e e d .
Using  as  a  l u b r i c a n t  m ach ine  o i l  c h a n g e s  t h e  c o e f f i c i e n t  
i n  t h e  p h a s e  ( l )  f rom  0 . 3  t o  0 . 1  i n  f o u r  m i n u t e s ,  and t h e  
a s b e s t o s  when l u b r i c a t e d  s t i l l  l o w e r s  t h i s  v a l u e  and a t  t h e  
end of  a n o t h e r  p e r i o d  o f  f i v e  m i n u t e s  t h e ^ - v a l u e  h a s  become 
0 . 0 2 .  I n  t h e  c a s e  o f  p r e s s e d  b l o c k  l i n i n g s  t h e  l o w e s t  
v a l u e  r e a c h e d  was 0 . 0 8  w hich  i s  a lm o s t  e q u a l  t o  m e t a l  on 
m e t a l .  C u rv e s ,  F i g .  / 4  have  b e e n  drawn t o  i l l u s t r a t e  t h e  
changes  which  t a k e  p l a c e  i n  t e m p e r a t u r e  a n d /* - -  v a l u e s  when 
l u b r i c a n t  i s  used  on t h e  Brake  W heel .
COHSIDERAT 10 3U OF RESULTS ON BRAKE LISTINGS
From t h e  f o r e g o i n g  e x p e r i m e n t a l  r e s u l t s  g i v e n  i n  t h i s
i n v e s t i g a t i o n  i t  w i l l  be  s e e n  t h a t  a  wide v a r i a t i o n  o f  r e s u l t s
i s  due t o  t h e  v a r i a b l e  n a t u r e  o f  t h e  combined m a t e r i a l s  and
t h e i r  method o f  m a n u f a c t u r e .  The A s b e s t o s  F i b r e s  a r e  washed
w i t h  m i n e r a l  a c i d s  i n  o r d e r  t o  make t h e  f i b r e s  more a b s o r b e n t
and a l s o  t o  p r e v e n t  c o - a g u l a t i o n  o f  r u b b e r  w h i l e  t h e y  a r e
b e i n g  im p reg n a te d  w i t h  l a t e x .  Thej p e r c e n t a g e  m i x t u r e  i s  
u s u a l l y /
,5V,
u s u a l l y  80 a s b e s t o s  t o  20 r u b b e r ;  t h e  l a t e x  u s u a l l y  fo rm s
50 p e r  c e n t ,  s o l i d  c o n t e n t ,  and v e g e t a b l e  f i b r e s  may r e p l a c e
a s b e s t o s  i n  p a r t .  S u l p h u r  may a l s o  be  a d d e d .  T h i s  i n  t h e  
( >
I n v e s t i g a t i o n  on L u b r i c a n t s  h a s  b e e n  p l a c e d  among t h e
m a t e r i a l s  u s e f u l  f o r  c a r r y i n g  away h e a t  f rom an o v e r - h e a t e d
j o u r n a l  b e a r i n g .  The m i x t u r e  o f  m a t e r i a l s ,  A s b e s t o s ,
R ubber ,  S u l p h u r ,  e t c .  i s  made i n t o  a  dough;  t h i s  i n  t h e
c a s e  o f  t h e  A s b e s to s  Bonded B ra h e  L i n i n g s  i s  f o r c e d  i n t o
t h e  meshes  o f  t h e  w i r e  f a b r i c ,  and p u t  i n t o  m ou lds  i n  t h e
c a s e  o f  m oulded  l i n i n g s  w i t h o u t  m e t a l .  A f t e r  b e i n g  a l l o w e d
t o  s e t  a t  a  m o d e r a t e  h e a t ,  150oR . ,  i n  a  vacuum d r i e r ,  t h e
s l a b  o r  mould  i s  c o m p re ss ed  t o  a b o u t  o f  i t s  i n i t i a l
t h i c k n e s s .  The s l a b s  and t h e  m oulds  a r e  k e p t  h e a t e d  w h i l e
u n d e r  h y d r a u l i c  p r e s s u r e ,  and t h i s  t e n d s  t o w a r d s  c o n s t a n c y
v a r y
o f  f i n i s h e d  m a t e r i a l .  The t e m p e r a t u r e  o f  t h e  m o u l d s / f r o m  
275 t o  400oR. and t h e  h y d r a u l i c  l o a d  a p p l i e d  may be  s u c h  a s  
t o  g i v e  50 t o n s .
(1) These  l i n i n g s  h a v e  a  h a r d n e s s  o f  R o ch w e l l  Ho.B.  and 
can  be  m a ch in ed .  Thus when a  b r a k e  s t r a p  a r r a n g e m e n t  i s  
p r o p e r l y  d e s ig n e d  t o  g i v e  u n i f o r m  p r e s s u r e ,  t h e  l i n i n g  may
be  made t o  f i t  c l o s e l y  on t o  t h e  b r a k e  w h e e l .  A f a u l t  found  
i n  c a r r y i n g  ou t  e x p e r i m e n t s  w i t h  f a b r i c  m a t e r i a l  made i n  
1926 was t h e  l a c k  o f  smooth s u r f a c e .
(2) The d i s c a r d i n g  o f  t h e  m e t a l  b i n d e r  i s  a n o t h e r  
d i s a d v a n t a g e  b r o u g h t  ou t  by  t h i s  i n v e s t i g a t i o n  owing tOi 
q u a n t i t y  o f  m e t a l  s u r f a c e  exp o sed  t o  r u b b i n g  w ear  n o t  b e i n g  
u n i fo r m .
(3) The m a t e r i a l  as  now m a n u f a c t u r e d  i s  n o t  d e s t r o y e d  by
e x p o su re  t o  w a t e r  o r  o i l ,  b u t  t h i s  does  n o t  mean t h a t  an
o i l e d  s u r f a c e  can  be used  f o r  a  h ea v y  l o a d  b r a k e  o r  f r i c t i o n
c l u t c h .  The f a b r i c  m a t e r i a l  b e h a v e s  i n  t h e  same m anner  as
a l l  l u b r i c a t e d  m e t a l  s u r f a c e s  s u b j e c t e d  t o  r u n n i n g  sp ee d  and 
p r e s s u r e /
p r e s s u r e .  The a s b e s t o s  c o m p o s i t i o n  c a n  b e  u s e d  f o r  c l u t c h e s  
d e s i g n e d  f o r  w o rk in g  i n  o i l .  T h i s  i s  t h e  m a t e r i a l  u s e d  i n  
combined c l u t c h  and c h a n g e - s p e e d  l e v e r  g e a r .
(4) T e m p e ra tu r e  e f f e c t s  a r e  s u c h  t h a t  w i t h  many b u i l t  up 
f a b r i c s  e x c e s s i v e  w e a r  t a k e s  p l a c e  a t  h i g h  t e m p e r a t u r e s .
The t e m p e r a t u r e ,  w i t h  t h e  new er  h o t - p r e s s e d  l i n i n g s ,  may now 
r e a c h  500°F .  w i t h o u t  d e s t r u c t i o n .
(5) Wear,  w h ich  was m e a s u re d  by  ch an g e  o f  t h i c k n e s s  i n  a  
g iv e n  t i m e ,  o r  b y  change  o f  w e i g h t  o v e r  a  g i v e n  p e r i o d  o f  
r u b b i n g ,  h a s  b e en  m e a s u re d  by a b s o r p t i o n  o f  e n e r g y  p e r  u n i t
o f  volume (one c u b i c  c e n t i m e t r e )  and e x p r e s s e d  i n  h o r s e - p o w e r  
h o u r s  p e r  c u b ic  c e n t i m e t r e  o r  f t . l b .  p e r  m i n .  p e r  s q . i n .  ^
o f
T h i s  m e t h o c / m e a s u r i n g  w ear  c o u ld  be  s t a t e d  as  an i n d e x  
of  t h e  p e f f o m a n c e  o f  b r a k e  l i n i n g s ,  and c o u l d  be  made a  b a s i s  
o f  c o m p a r i s o n ,  h o r s e  power  h o u r s  p e r  c u b i c  c e n t i m e t r e ,  b u t  
must n o t  be  t a k e n  when m aking a  c o m p a r i so n  b e tw e e n  s e r v i c e  
b r a k e s  f i t t e d  t o  m a c h in e s  where  e x c e s s i v e  p r e s s u r e  may be  
a p p l i e d  i n t e r m i t t e n t ^ a n d  f o r  s h o r t  p e r i o d s .  The b r a k e s  a r e  
n e v e r  a l lo w e d  t o  c o o l  b u t  a r e  u s e d  a t  p e a k  t e m p e r a t u r e s  w here  
wear  i s  e x c e s s i v e .
(6) The n a t u r e  o f  t h e  s u r f a c e  o f  t h e  b r a k e  r im  i s  a  
d e c i d i n g  f a c t o r .  I n  t h e  m a in  t e s t s  a  c a s t  i r o n  b r a k e  drum 
was u s e d ,  b u t  moulded t y p e  o f  b r a k e  l i n i n g  h a s  b ee n  p r o v e d  
more s u i t a b l e  t o  u s e  w i t h  low c a r b o n  s t e e l  p r e s s e d  drums t h a n  
bonded a s b e s t o s .  M e t a l ,  i n t r o d u c e d  t o  s t r e n g t h e n  t h e  y a r n ,  
c a u s e s  s e i z u r e  t o  t a k e  p l a c e  w h ich  i s  f o l l o w e d  b y  a  f l u c t u a t i n g  
f r i c t i o n a l  v a l u e  w h ich  r e s u l t s  i n  1 s n a tc h *  o r  * shudder*  ahd 
b r a k e  drum s c o r i n g .
At s low c ra w l  sp ee d s  * s n a t c h ’ and ’ shudde r*  i s  v e r y
n o t i c e a b l e  i n  t h e  c a s e  o f  h i g h ^ * - v a l u e  f a b r i c  m a t e r i a l .
Y/hi/e t h e  l o w ^ - v a l u e  m a t e r i a l  su c h  as  b r e k o ,  w i t h  i t s  low
s t e a d y  f r i c t i o n a l  v a l u e  o f  0 . 2 8  t o  0 .25 ,  p r o v i d e s  a  smooth  m>& 
f a i r l y /
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CllSSlPATEP Wog* 10 FT.L&.,REDucrtOM  in T h i c k n e s s  - NS
t
f a i r l y  r a p i d  r e t a r d a t i o n .  Tlttf c l a s s  of  m a t e r i a l ,  used, utUia. 
low b e a r i n g  p r e s s u r e / was found  t o  b e  good f o r  e l e c t r i c  
l i f t i n g  c r a n e s  and  h o i s t i n g  m a c h i n e r y ,  a  f a c t  c o n f i r m e d  by  
t e s t s  c a r r i e d  out  by  M e s s r s .  Adamson a t  t h e i r  c r a n e  w o r k s .
CONCLUSIONS PIT BRAKE LININGS 
T h i s  i n v e s t i g a t i o n  had  f o r  i t s  aim t h e  c o m p a r i s o n  of  
f a b r i c  l i n i n g s  as  m a n u f a c t u r e d ,  a  g r o u p in g  t o g e t h e r  o f  t e s t  
r e s u l t s  as  r e q u i r e d  b y  t h e  e n g i n e e r ,  an en c o u ra g e m e n t  t o
s t a n d a r d i z a t i o n  o f  t e s t s ,  and  q u a l i t y  o f  m a t e r i a l  u s e d .
yesufes (0
S in c e  t h e  f i r s t / o f  t h e s e  t e s t s  w ere  p u b l i s h e d  1930, m a n u f a c t u r e r s
have  im proved  t h e i r  r u n n i n g  t e s t s ,  and g u i d e d  by  r e s u l t s
o b t a i n e d  by  t h e s e ,  and o t h e r  e x p e r i m e n t e r s ’ r e s u l t s  ©ns
d u r a b i l i t y  when c o n s i d e r a t i o n  i s  t a k e n  of  d u t y  imposed t h e y
have gone on c r e a t i n g  new and b e t t e r  m a t e r i a l s  s u i t e d  f o r
c a r r y i n g  h e a v i e r  l o a d s ,  i n c r e a s i n g  s p e e d s ,  and  s t o p p i n g
powers when s u d d e n ly  a p p l i e d  t o  moving m a c h i n e r y .
Much of  t h e  d a t a  g i v e n  i n  t h i s  i n v e s t i g a t i o n  a r e
a p p l i c a b l e  t o  F r i c t i o n  C l u t c h e s  and F r i c t i o n  Spur  and b e v e l
w h e e l s .  The o n ly  d i f f e r e n c e  i s  i n  t h e  r a n g e  o f  p r e s s u r e s
a p p l i e d  i n  c l u t c h e s  and w h e e l s  w h ich  may v a r y  f rom 25 t o  75
l b .  p e r  s q . i n . ,  w h e re a s  i n  b r a k e  l i n i n g s  t h e  p r e s s u r e  on an
a v e r a g e  is- ab o u t  15 l b .  p e r  s q . i n .  w i t h  a  maximum of  30 l b .
p e r  s q . i n .  Even a  l o w e r  p r e s s u r e  12 l b .  p e r  . s q . i h .  h a s  b e e n
used  by  c r a n e  m a k e r s ,  and s u g g e s t e d  by  t e s t  r e s u l t s  o b t a i n e d  jh
t h i s  i n v e s t i g a t i o n .  .The  b r a k e  drums and b r a k e  sh o es  u s e d  i n
I
p r a c t i c e ,  ev en  when made o f  p r e s s i n g s  a r e  n o t  f l e x i b l e .
The b r a k e  l i n i n g s  i n  a l l  t h e  t e s t s  d e s c r i b e d  a r e  ’’worn i n ” , 
t h a t  i s ,  i n  a p p l y i n g  t h e  b r a k e  a l l r p o i n t s  must  t o u c h  t h e  drum ; 
a t  t h e  same moment.  I n  a p p l y i n g  t h e  b r a k e  t h e  l i n i n g  i s  
b e i n g  co m p re s s e d ,  t h e  c o m p re s s io n  b e i n g  i n  p r o p o r t i o n  t o  t h e
■i
p r e s s u r e  w h ich  i s  e x e r t e d  on t h e  l i n i n g  (Hooke’s Law), o r  t h e  j 
sum of a l l  f r i c t i o n  f o r c e s  J? f  •
The h i g h e r  t h e  s e l f - a c t u a t i o n  t h e  more s e n s i t i v e  i s  a  
b r a k e  t o  change  i n  f r i c t i o n  c o e f f i c i e n t .  T h e r e f o r e ,  i f  t o o  
h i g h /
h i g h  a  d e g r e e  o f  s e l f - a c t u a t i o n  i s  u s e d  i n  a  b r a k e  d e s i g n ,  
t h e  b r a k e  i s  l i a b l e  t o  “g r a b ” i n  some c a s e s ,  w h i l e  i t  w i l l  
n o t  h o l d  s u f f i c i e n t l y  i n  o t h e r s .  Tha t  i s  why i t  i s  much 
more i m p o r t a n t  t o  o b t a i n  a  b r a k e  l i n i n g  w h ic h  i s  a f f e c t e d  
as  l i t t l e  as  p o s s i b l e  b y  t e m p e r a t u r e ,  m o i s t u r e ,  s p e e d ,  e t c .  
t h a n  t o  o b t a i n  a  h i g h  f r i c t i o n a l  c o e f f i c i e n t .  T he re  
a p p e a r s  t o  be  no way o f  j u d g i n g  t h e  s e l f - a c t u a t i o n  o f  a  
b r a k e  s h o e .  D i f f e r e n t  d e s ig n s  show d i f f e r e n t  f e a t u r e s  and 
m akers  of  b r a k e  l i n i n g s  a r e  now i n c l i n e d  t o  s p e c i f i c  b r a k e  
l i n i n g s  t o  be u sed  w i t h  c e r t a i n  d e s i g n s .
F a b r i c  M a t e r i a l  u s e d  f o r  G e a r i n g .
When g e a r  w h e e l s  a r e  made f rom f a b r i c s ,  s u c h  a s  f Ioco* 
and fF a b r o i l f , c o n s i d e r a t i o n  m ust  be  g i v e n  t o  t h e  T e n s i l e  
S t r e n g t h  o f  t h e  m a t e r i a l ,  t o  t h e  h a r d n e s s  o f  t h e  f a b r i c  on 
t h e  r o o t  s u r f a c e  o f  t h e  t o o t h  and t o  t h e  w e a r i n g  s u r f a c e  
of  t h e  m a t e r i a l .  The d u t y  o f  w hee l  t e e t h  i s  t o  t r a n s m i t  
power w i t h  l e a s t  p o s s i b l e  l o s s .  The e f f i c i e n c y  of  t h e  
g e a r i n g  depends  on l u b r i c a t i o n ,  w h ich  i s  q u i t e  d i f f e r e n t  
from F a b r i c  Bra^ce L i n i n g  w h ich  s e e k  t o  u se  t h e  d ry  r u b b i n g  
s u r f a c e s ,  s l i d i n g  f r i c t i o n ,  w i t h o u t  s e e k i n g  t o  use  
s e i z u r e  a c t i o n  w h ic h  would  d e s t r o y  t h e  s u r f a c e s .  In  g e a r  
t e e t h  t h e  a c t i o n  i s  p a r t  r o l l i n g  and p a r t  s l i d i n g  f r i c t i o n  
w i t h  l i n e  c o n t a c t .
Comparison i s  made b e tw e en  m a t e r i a l  u s e d  f o r  wheel  
b l a n k s .
(1) F a b r o i l  p i n i o n s  w hich  a r e  made from co m p ressed  c o t t o n  
( s p e c i a l l y  p r e p a r e d  c o t t o n  f i b r e s /  T h i s  m a t e r i a l  t a k e s  t h e  
p l a c e  o f  com pressed  p a p e r  and wood p u l p  b l a n k s .  In  t h i s  
c ase  t h e r e  i s  no b i n d e r  u sed  and c o m p r e s s o r  t h e r e f o r e  h a s  
t o  be  m a i n t a i n e d  by  means of  s t e e l  s i d e  p l a t e s ,  o r  s h ro u d s  £ 
i f  t h e s e  a r e  removed t h e  F a b r o i l  i s  u s e l e s s .  I n  t h i s  c l a s s  
r a w -h id e  p i n i o n s  and p i n i o n s  made from l o c o  s h e e t  may be 
c l a s s e d .
The n a t u r e  of  t h e s e  f a b r i c s  made t e s t i n g  on t h e  
F r i c t i o n /
5C,
9
F r i c t i o n  Machine d i f f i c u l t  a s  t h e  c u t t i n g  up i n t o  - J - i n .  
s q u a r e s  tat f i t  t h e  f a b r i c  h o l d e r ,  F i g .  3  was a lm o s t  
i m p o s s i b l e .  T e s t  c a r r i e d  ou t  on t h i s  m a t e r i a l  showed t h a t  
t h e  d r y  f r i c t i o n  w;a® r a t h e r  e r r a t i c ,  v a r y i n g  f rom  s t a t i c  
f r i c t i o n  0 . 2 5  t o  r u n n i n g  f r i c t i o n  0 . 6 , and a g a i n  f a l l i n g  
r a p i d l y  t o  0 . 2 5  a s  h e a t  b r o u g h t  ou t  t h e  d r e s s i n g .
When l u b r i c a n t  was a p p l i e d  t h e ^ A -  v a l u e  d ro p p e d  by  a b o u t
g i v i n g  v a l u e  o f  0 . 1 6  t o  0 . 2 .  (Ta l low  l u b r i c a n t ) .
C a s t o r  o i l  d r e s s i n g  when a p p l i e d  t o  t h e  f r i c t i o n  p a d s  was 
i n c l i n e d  t o  c a u s e  a  v i s c o u s  d r a g .
(2) F a b r o i l - A  c u t  v e r y  e a s i l y  i n t o  -J^-in. s q u a r e s  and when 
ru n  on t h e  F r i c t i o n  Machine gave  smooth  r u n n i n g  and t a k i n g  
on a  b e a u t i f u l  p o l i s h e d  s u r f a c e  w h ic h  worked w e l l  w i t h  
c a s t  i r o n .  The l u b r i c a t e d  f r i c t i o n  t e s t s  gave  a  v a l u e  f o r
* 0 . 1  t o  0 . 0 6 .  A h i g h  p r e s s u r e  c o u l d  b e  a p p l i e d  t o  
t h i s  m a t e r i a l ,  and o i l  d i d  n o t  t e n d  t o  d e s t r o y  i t s  s t r u c t u r e  
even  when r u n n i n g  a g a i n s t  t h e  g r a i n  of  t h e  t e x t u r e ,  y e t  i t  
does  n o t  a p p e a r  t o  hav e  t h e  s t r e n g t h  o f  t h e  s h ro u d e d  p i n i o n .
(3) Ferodo bonded a s b e s t o s  c o u l d  n o t  be u s e d  f o r  g e a r i n g  
b u t  f o r  l i g h t  d u t y  F e ro d o  f i b r e  c o u l d  be  u s e d .
(4) lo co  i s  made i n  much t h e  same manner  a s  F a b r o i l  t h e  
on ly  d i f f e r e n c e  b e i n g  t h a t  i n  a  s e m i - p l a s t i c  s t a t e  t h e  
woveb c o t t o n  duck s t r i p  i s  im p re g n a te d  w i t h  s y n t h e t i c  r e s i n  
and compressed  i n  s te a m  h e a t e d  moulds  u n d e r  p r e s s u r e .
I t  i s  f i n i s h e d  as  i t  comes f rom t h e  moulds  e x c e p t  f o r  s l i g h t  
t r im m ing  a t  t h e  p a r t i n g  l i n e  i n  g e a r  b l a n k s ,  and c u r i n g  f o r  
at>out 20 h o u r s  a t  2 1 2 °F .
(5) C o t to n  c l o t h  im p re g n a te d  w i t h  B a k e l i t e  i s  p r e s s e d  
i n t o  h e a t e d  moulds  t o  make t u r n i n g  g e a r s  f p r  o i l  pumps.
Duck c l o t h  h a s  u s u a l l y  a  t e n s i l e  s t r e n g t h  o f  24 t o  30 l b .  
p e r  i n c h  w i d t h  p e r  p l y .
T a b l e /
579
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T a b le  of  c o m p a r a t i v e  s t r e n g t h  and h a r d n e s s .
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7 3 .5  «
V u lc a n i z e d
F i b r e 7 . 5  to n s / in * * 3 . 5 75 70 R o c k w e l l  B
The Young! s Modulus f o r  a l l  f a b r i c s  i s  a p p r o x i m a t e l y  
1 x  10 . The b l a n k s  can  be  m ach in ed  by  u s i n g  t o o l s  w i t h  l a r g e  
t o p  r a k e ;  c i r c u l a r  n t iM l iJg  h obs  w i t h  s t e e p  t o p  r a k e  a r e  u sed  
f o r  c u t t i n g  t e e t h  i n  b l a n k s ,  and g r i n d i n g  may be  nione 
p r e f e r a b l y  by  a  r a p i d l y  r o t a t i n g  f i n e - g r a i n e d  emery w h e e l ,
( e . g .  Ho. 40 emery ,  5 i n c h  d iam ,  3000 r . p . m . ) ,  t a k i n g  c a r e  
t o  a v o id  undue h e a t i n g  o f  t h e  f a b r i c .  These  f e a t u r e s  were  
c l e a r l y  b ro u g h t  out  d u r i n g  t h e  m a c h in in g  o f  t h e  v a r i o u s  t e s t  
p i e c e s .
C r o s s - B r e a k i n g  S t r e n g t h  o r  Maximum F i b r e  S t r e s s .
For most p r a c t i c a l  p u r p o s e s  t h i s  i s  d e f i n e d  a s  t h e  l o a d , P ,  
r e q u i r e d  t o  f r a c t u r e ,  by  b e n d i n g ,  a  b a r - s h a p e d  t e s t - p i e e e  joT 
g iv e n  r e c t a n g u l a r  c r o s s  s e c t i o n  (b a b r e a d t h ,  d a d e p t h )  , 
when t h i s  i s  s u p p o r t e d  o r  h e l d  h o r i z o n t a l l y  and t h e  l o a d  
a p p l i e d  v e r t i c a l l y  i n  one o f  t h e  f o l l o w i n g  forms o f  t e s t : -
(a) C a n t i l e v e r  T e s t :  The b a r  i s  h e l d  b y  a  c lamp a t  one
end and l o a d  a p p l i e d  a t  a  d i s t a n c e ,  L,  f rom t h e  n e a r  edge o f  
t h e  c la m p .  S t r e s s  a . i 0£ 0> o . 5 H x  .75"  x  2 .5* ' .
S a fe  l o a d ,  25 l b .
(*)/
w .
(b) 3 - p o i n t  L o a d in g  t e s t ;  The b a r  i s  s u p p o r t e d  a t  two
p o i n t s  a  g i v e n  d i s t a n c e ,  L ,  a p a r t ,  and t h e  l o a d  a p p l i e d
-3 /  7 7  2midway b e tw e e n  th em .  S t r e s s  a t F a b r o i l - A  a
0 . 5 M x  . 7 5 w x  2 . 5 « ,  S a f e  L oad ,  95 l b .
Im pac t  S t r e n g t h
(c)  T h i s  i s  e x p r e s s e d  a s  e n e r g y  p e r  u n i t  a r e a  o f  c r o s s  
s e c t i o n  o f  t h e  t e s t  p i e c e  w here  f r a c t u r e  o c c u r s ,  b u t  t h i s  
t e s t  v a r i e s  w i t h  t h e  shape  o f  t h e  c r o s s  s e c t i o n .  T h i s  gave  
a p p r o x i m a t e l y  2 t o  3 f t . l b .  f o r  a l l  f a b r i c  m a t e r i a l .
P l a s t i c  Y i e l d  T e s t  -  ( d ) : T e s t  a s  i n  (b) a t  a  g i v e n
t e m p e r a t u r e  ( 2 0 0 ° F . )  f o r  a  g i v e n  t i m e  9 m i n u t e s ,  o r  3 0 °F .  
f o r  a  p e r i o d  n o t  l e s s  t h a n  12 h o u r s .  One o f  t h e  F a b r o i l - A  
p i e c e s  was t u r n e d  t o  d i a m e t e r  a t  ends  and a  p l a i n  p o r t i o n  
d i a m e t e r  f o r  2 fl l o n g .  T h i s  t e s t  p i e c e  was s u b j e c t e d  
t o  t o r s i o n  and gave  on an  a v e r a g e  10000  l b / i n 2  (max. 13000 
l b / i n 2 , m in .  9000 l b / i n 2 ) .
A b s o r p t i o n  T e s t s  -  The V u l c a n i z e d  F i b r e ,  a l t h o u g h  
l i k e  t h e  o t h e r  f i b r e s  t e s t e d  was i n s o l u b l e  i n  o r d i n a r y  
s o l v e n t s ,  was s e e n  t o  a b s o r b  w a t e r  ( s w e l l s ) .  In  t h i s  
r e s p e c t  lo co  and F a b r o i l  m a t e r i a l s  a r e  b e t t e r  t h a n  
V u lc a n iz e d  F i b r e ,  wood, r a w - h i d e ,  e t c .
Formapex M i o c a r t a  and F a b r o i l « A  g e a r s  and b l a n k s  a r e  
s e n t  out from f a c t o r y  w i t h  m e t a l  c e n t r e s  w h ich  a r e  
p e rm a n e n t ly  h e l d  i n  p o s i t i o n  w i t h o u t  r i v e t s .  S k e t c h e s  o f  
a  b l a n k  and a  c u t  g e a r  a r e  shown i n  F i g .  >Y . T hese  c a n  
be made much s t r o n g e r  and l i g h t e r  t h a n  when c u t  f rom s l a b s .
Prom t h e  f o r m u l a  HP = 0 .0 0 0 1  x  V x. f  x  b x  y
d e r i v e d  f o r  l o c o  m a t e r i a l ,  l e t  b r e a d t h  o f  f a c e  o f  w h ee l  b 
s  1 i n c h  and t h e  d i a m e t r i c a l  p i t c h  D . P .  a 1 ,  t h e n  t h e  
f o r m u l a  f o r  h o r s e  power becomes HP a .0001 x  V x  f  x  y  p e r  
i n c h  o f  f a c e  p e r  1 d i a m e t r i c a l  p i t c h .  Assume p r e s s u r e  
a n g l e  14-j-0 , t h e n  l o g  HP a  l o g  0 .0 0 0 1  +  l o g  V +  l o g  f  -h l o g y .
To make an  a l i g n m e n t  c h a r t  t o  s u i t  t h i s  l o g a r i t h m i c  f o r m u l a  
o f /
o f  f o u r  v a r i a b l e s ,  l e t  l o g  r  a l o g  V -+ l o g  f .
I f  V v a r i e s  f rom 100 t o  2000 f t ,  p e r  s e c .  t h e n
l o g  20000 -  l o g  100 a 1 . 3 0 1 .  m a g n i fy  t h i s  by  5 ,  s a y
6 .5 0 5 "
The s a f e  s t r e s s  o f  t h e  m a t e r i a l  f o r  d i f f e r e n t  sp eed  may 
v a r y  f rom  1000 t o  4 0 0 0 .
Then l o g  4000 -  l o g  1000 a 0 . 6 0 2 .  m a g n i f y  by  1 0 ,  s a y  
6 .0 2 ".
The form f a c t o r  w i l l  v a r y  f rom 0 . 0 7 5  t o  0 . 1 1 8 .
l o g  0 . 1 1 8  -  l o g  0 . 0 7 5  a  0 . 2 .  m a g n i fy  b y  s a y  6 "
I f  t h e  d i s t a n c e  b e tw e e n  s c a l e  V ^^syand  s c a l e  s  3"
t h e n  s c a l e  o f  r  w i l l  be  d i s t a n t  f rom  V b y  e"
o JL 3
wken e a ___ !£ _____x  3 s  ---------' S - —  x  s  a
SY +  Sf  ■* -k, 4b
/  \  3and s c a l e  o f  r ,  /Srj^ s "73
Again p l a c e  s c a l e  y  a t  d i s t a n c e  3" f rom  s c a l e  r ,  
t h e n  e * sv „ 3h~ ^  3 a £q__. .. x  3 .  __ a  0<3
Then s c a l e  f o r  H .P .  ( S ^  ) a \
V f
S u b s t i t u t e  i n  f o r m u l a  HP s  0 . 0 0 0 1  x  2000 x  1000 x  .118
s  2 3 .6
and HP « .0001 x  100 x  4000 x  .075  
s  3 .
The c h a r t  h a s  now b e e n  drawn,  P i g . / #  f rom t h i s  d a t a  and 
g i v e s  any o f  t h e  f o u r  v a r i a b l e s  when t h e  o t h e r s  a r e  known. 
Th is  c h a r t  h a s  b e e n  improved  b y  a d d in g  t h e  s c a l e  f o r  t h e  
p i t c h  d i a m e t e r  o f  t h e  w h e e l s ,  t h e  number  of  t e e t h  and t h e  
d i a m e t r i a l  p i t c h .  The f o r m u l a  w h ic h  g i v e s  t h e s e  d im e n s io n s  
and numbers a r e
(1 ) ( i l a a -  o f  g e a r )  r . p . m .  s  v e l o c i t y  i n  f t . p e r  m i n .
,  0 , 2 6  d x  r . p . m .  a V
(2 ) c i r c u m f e r e n t i a l  p i t c h  p s  -^75-  and n p  = 77- d




From ( l )  l o g  d 2 l o g  V -  l o g  ,26  -  l o g  U
From (2) l o g  P . P .  a l o g  n -  l o g  d
By t h e  same m ethod t h e  s c a l e s  IT and P . P .  have  b een  
a d d e d .  These  c o u l d  have  b e en  drawn s e p a r a t e l y  b u t  ̂  t h e  
a d d i t i o n  o f  k e y - l i n e s  t h e  s c a l e s  a r e  c l e a r l y  c o n n e c t e d .
The a u t h o r  was a sk e d  by P r o f e s s o r  M e l la n b y  t o  f u r n i s h  
t h e  m a n u f a c t u r e r s  o f  l o c o  F a b r i c  w i t h  a  f o r m u l a  t o  s u i t  
t h e i r  m a t e r i a l ,  and t h i s  h a s  b e e n  added as  a  m a t t e r  o f
i n t e r e s t ,  and i s  a  p r a c t i c a l  i l l u s t r a t i o n  o f  t h e  e a s e  w i t h
which  nomograms can  be  a d o p te d  t o  t e s t  r e s u l t s .  An 
e x p e r i m e n t a l  a p p a r a t u s  was a l s o  d e s ig n e d  t o  t e s t  t h e  en d u ra n c e  
of  f a b r i c  g e a r i n g  when r u n n in g  i n  c o n j u n c t i o n  w i t h  c a s t  i r o n  
w h e e l s .
F o r  t h e  f i r s t  r u n - i n  o f  f a b r i c  g e a r i n g  i t  i s  a d v i s a b l e  
t o  u se  a  s o l i d  l u b r i c a n t  such  as  a  m i x t u r e  o f  v a s e l i n e  and 
g r a p h i t e ,  o r  c o l l o i d a l  g r a p h i t e .  A t h i n  c o a t i n g  of  t h i s  
l u b r i c a n t  d u r i n g  t h e  r u n - i n  p e r i o d  h e l p s  t o  make a  p o l i s h e d  
smooth s u r f a c e ,  a f t e r w a r d s  t h e  g e a r s  may be  ru n  i n  a  b a t h  
of  good l u b r i c a t i n g  o i l .
The f a b r i c s  m ig h t  be made t o  s u i t  t h e  chuclt  of  a  
r e v e r s a l  of  b e n d in g  s t r e s s  m a c h in e ,  and c o u l d  be s u b j e c t e d  t o  
a  s l i d i n g  m o t io n  a b r a s i o n  as  a  s p e e d i e r  method o f  t e s t i n g  t h e  
g e a r  b l a n k  p r e s s e d  f a b r i c  m a t e r i a l .  T h is  would c e r t a i n l y  
g i v e  a  v e r y  much s h o r t e r  t e s t  t h a n  was recommended t o  t h e  loco  
Company,
From t h e  a l i g n m e n t  c h a r t  t h e  t a b l e  and g r a p h  h o r s e  powers 
f o r  v a r i o u s  d i a m e t r i c a l  p i t c h  have  been  drawn up f o r  e a s y  
a p p l i c a t i o n ,  V y  ' I  •
P i a m e t r i a l  p i t c h  10  8 6 5 4 3 2 \  2
H . P . £ - - |  1 - 2  3 -5  7 .5  10 15-25  50-60  75-100
T h is  i n v e s t i g a t i o n  was supp lem ented  by  work done on t h e  
s t r e n g t h  o f  v a r i o u s  p l a s t i c  moulded m a t e r i a l  f o r  h a r d n e s s  and 
s t  r e n g t h /
/2  to g (o 4- 2
Fab r ic  M o u L o e a  C u t  G b a iz  B l a n k s .
-r. * ” f / 9
s t r e n g t h ,  t h e  number o f  w h ich  h a s  c o n s i d e r a b l y  i n c r e a s e d  
s i n c e  t h i s  r e s e a r c h  b eg a n  i n  19?9, b u t  a s  t h e  T h e s i s  h a s  
become r a t h e r - l e n g t h y  i t  was t h o u g h t  a d v i s a b l e  t o  l e a v e  t h i s  
f o r  a  f u t u r e  r e s e a r c h .
I n  p r e v i o u s  p a p e r s  t h e  a u t h o r  h a s  th a n k e d  P r o f e s s o r s  
A.L.  M e l l a n b y  and P r o f e s s o r  Wm. K e r r  f o r  p e r m i s s i o n  t o  c a r r y  
ou t  t h e s e  t e s t s  and h e r e  a g a i n  he  d e s i r e s  t o  t h a n k  them f o r  
g u id a n c e  and encourggem ent  d u r i n g  t h e  many t e s t s  c a r r i e d  o u t .  
To t h e  d i f f e r e n t  m a n u f a c t u r e r s  o f  f a b r i c s  s u p p l i e d  f o r  t h e s e  
t e s t s  t h e  a u t h o r  t e n d e r s  h i s  t h a n k s ,  and a l s o  t o  t h e  
G overno rs  o f  t h e  Royal  T e c h n i c a l  C o l l e g e  f o r  t h e  freedom t o  
u se  t h e  power  and p l a n t  e r e c t e d  i n  t h e  C o l l e g e  L a b o r a t o r i e s  
o f  t h e  M e c h a n ic a l  E n g i n e e r i n g  D e p a r t m e n t ._____
The im p o r t a n c e  o f  B r a k i n g  Systems can  be  w e l l  u n d e r s to o d  
when t h e  p ro b le m  i s  c o n s i d e r e d  o f  a r r e s t i n g  as  much as  
5 0 ,0 0 0 ,0 0 0  f t . l b .  o f  e n e rg y  a t  90 m . p . h .  i n  t h e  space  of
w i t h  a p e e d ,  d e c r e a s i n g  r a p i d l y  a t  t h e  h i g h e r  sp eed s  where i t  
i s  most  n e e d e d .
v a r i e s  f o r  d r y  o r  wet s u r f a c e  of  r a i l ,  and on s u r f a c e  
m a t e r i a l  o f  r o a d  ( c o n c r e t e ,  macadam, a s p h a l t )  and a l s o  on 
t h e s e  b e i n g  d r y  o r  w e t •
P r i c t i o n  on t r a c k  P (normal  l o a d )  ^  -  0 , 3  N
T h is  i s  a p p r o x i m a t e l y  Brake a p p l i e d  p r e s s u r e
APPEKDIX ( a p p l i c a t i o n  o f  d a t a  t o  ro a d  and r a i l )
40 s e c .  ( o r  a b o u t  -J- m i l e ) . The v a l u e w i d e l y
shoe
( s t e e l  r a i l )
t o  p r e v e n t
s l i p p a g e .
T h i s /
w3 mm sa-nvvi) ©c h
o  / o
3r?7V A  -'zn-iUA
Time S p r i n g  B a l a n c e  T e m p e r a t u r e  v a Iv
P u l l ,  l b *  A
1 1 .5 5  a .m . 9 . 2 4 9 ° P . 0 . 6
1 2 9 . 4
1 2 . 1 5  p .m . 9 .3 5 _  A
1 2 .3 0 9 .2 5 65 P .
1 2 .4 5 9 .1 5
1 9 . 1 5 70 ° P . 0 . 5 8
1 . 1 5 9 . 1 5
1 . 3 0 9 .1 5 75 P .
1 . 4 5 9 .1 5
7 5 ° P .2 9 . 1 5
2 . 1 5 9 .1 0
2 . 3 0 9 .0 5
2 . 3 5 S . 05 7 6 ° P . 0 . 5 6
Load chan g ed  t o 3 6 . 6 5  1%. A
2 . 5 0  p .m . 1 2 . 4 5 7 5 ° P . 0 . 5 3
3 1 2 .5 5 80 ° P .
3 .1 0 1 2 .5 8 8 5 ° P . 0 . 5 5
3 .4 0 1 2 .5 5 9 5 °P .
4 1 2 .5 5 1000P . 0 . 5 4
4 . 2 0 1 2 . 5 1 0 5 ° P .
4 .4 0 1 2 .4 5 1 1 0 ° P . 0 . 5 3
4 . 5 0 1 2 .4 5 1 1 0 ° P .
5 1 2 .4 5 X10°P. 0 . 5 4
Room T e m p e ra tu r e  5 2 °F .  M ic r o m e t e r  ( 1 .9 0 9 3  -  1 .9 0 8 9 )
8  0 . 0 0 4  i n c h e s .
When t h e  fC h ek k o f m a t e r i a l  i s  t o  be  s u p p l i e d  f o r
c l u t c h e s  t h e  m ak e rs  p r e s c r i b e  a  s p e c i f i c  l o a d i n g
12 t o  20 l b / i n ^ .  jrn ord e Y  t o  c a r r y  ou t
t e m p e r a t u r e  t e s t s  t a k i n g  two d i f f e r e n t  l o a d s  and s p e e d s ,
j£our b u n s e n  f la m e s  ^ a r r a n g e d  r o u n d  t h e  i n t e r i o r  o f  t h e
r im  s u p p l i e d  t h e  h e a t .  I t  was a f t e r w a r d s  fo u n d  t h a t
t h e s e  r e q u i r e d  t o  be  augmented  b y  t h e  a i d  o f  two b low  
la m p s ,  and t h e  b r a k e  w h e e l / s h i e l d e d  from t h e  c o l d  
d r a u g h t s  as  much a s  p o s s i b l e .
fC hekko* Bonded A s b e s t o s .  M icro ,  r e a d i n g s , 1 . 9 2 0 7 .
Time T e m p e ra tu r e  C o e f f i c i e n t  o f  Remarks
o f  Rim o p .  P r i c t i o n , y *  D i a .  26"






0 . 5 8
0 . 5 6
0 . 5 3
S u r f a c e  d r y ,  Speed
1360 f t / m i n  
S p e c i f i c  l o a d ,
21-1 l b / i n 2  
Wheel p a r t l y  e n c l o s e d






0 . 5 2
0 . 7 0
0 .6 4 7
Speed 587 f t . / m i n .  
S p e c i f i c  Load 7 l b / i n 2
Wheel n o t  e n c l o s e d .

The e x c e s s i v e  wear  d u r i n g  t h e  f i r s t  p e r i o d  o f  w e a r -  
t e s t s  i s  more n o t i c e a b l e  w i t h  t h e  woven m a t e r i a l  t h a n  w i t h  
t h e  h i g h l y  p r e s s e d ^  u n d e r  t e m p e r a t u r e ^  moulded m a t e r i a l .
The l a t t e r  can be machined  and d o e s  n o t  r e q u i r e  much 
r u n n i n g - i n ,  s i n c e  t h e  b e a r i n g  s u r f a c e  i s  more r e g u l a r  t h a n  
w i t h  t h e  more s o f t  woven and i m p re g n a te d  m a t e r i a l .
From t h e  a v e r a g e  v a l u e s  o f  a  l a r g e  number o f  t e s t s  on 
woven f a b r i c  p u r e  a s b e s t o s  t h e  c u r v e s  i n  F i g .  9  have  been  
p l o t t e d .  These t u a s  e x c e s s i v e  w e a r a t ^ w / g r a d u a l l y  dropp£c£ 
down t o  an a h n o s / s t a t i o n a r y  v a l u e  o f  wear  ; the eums show t h a t  t h e  
r i s e  i n  t e m p e r a t u r e  i s  a lm o s t  c o n s t a n t ;  w h i l e  t h e  v a l u e  o f  
t h e  c o e f f i c i e n t  o f  f r i c t i o n  f a l l s  u n i f o r m l y  o v e r  t h e  f i r s t  
f o u r  t e s t s ,  24 m i n u t e s ,  and t h e n  r e m a in s  a lm o s t  c o n s t a n t  over  
a  l o n g  p e r i o d  t e s t .  The p e r i o d  o f  t im e  b e tw een  ea ch  t e s t  
was a  h a l f  m i n u t e ,  and t h e  f r i c t i o n  wheel  was p r o t e c t e d  from 
c o l d  c u r r e n t s .
Between room t e m p e r a t u r e  and 300°F.  t h e  wear  a p p e a r s  t o  
be d i r e c t l y  i n  p r o p o r t i o n  t o  t h e  amount o f  work d i s s i p a t e d  a t  
t h e  b r a k e  w h e e l  r im .  Above 300°F.  t h e  wear  i s  e x c e s s i v e  
and grows r a p i d l y  f o r  a l l  Woven Bonded F a b r i c s ;  i t  i s  i n  t h i s  
r e g i o n  t h a t  f a b r i c s  c o n t a i n i n g  c o t t o n  become c h a r r e d .  The 
wear f o r  n e a r l y  a l l  f a b r i c s  i s  tw ic e  as  g r e a t  a t  520° a s  a t  
260°F. f o r  s i m i l a r  s p e e d s .
E f f e c t  o f  Change o f  P r e s s u r e  and Speed ,  b u t  m  s  c o n s t a n t .
During t h e  t e s t s  w i t h  c o n s t a n t  t e m p e r a t u r e  r e g u l a t e d  by 
t h e  bunsen  gas  f l a m e ,  t h e  amount o f  wear  was unchanged  by 
a d d in g  l o a d  and d e c r e a s i n g  s p e e d ,  o r  d e c r e a s i n g  l o a d  and 
i n c r e a s i n g  s p e e d ,  t o  g iv e  e q u a l  works ( p . v . ) .  With  a  f a b r i c  
m a t e r i a l  h a v in g  a  l o w / * - - v a l u e  i t  i s  found  b e t t e r  to  work 
w i t h /
4  5.
w i t h  a low p - v a l u e ,  s ay  10 t o  12  l b / i n 2 maximum and a  h i g h  
r u b b i n g  speed  V. With t h e  h i g h  c o e f f i c i e n t  o f  f r i c t i o n  
f a b r i c s  a  p r e s s u r e  o f  30 l b / i n 2 i s  fo und  to  be  more s u i t a b l e  
w i t h  low er  r u b b i n g  s p e e d .  T e s t s  c a r r i e d  o u t  on a  d r o p -  
hammer f e r o d o  b r a k e  l i f t i n g  t u p  showed t h a t ,  when 5 0 ,0 0 0  f t .  
l b .  p e r  s q . i n .  p e r  m in u te  wais demanded f rom  l i n i n g ,  t h e  
m a t e r i a l  wore o u t  v e r y  r a p i d l y  w i t h  a i r  c o o le d  b r a k e  r im  
p u l l e y ,  b u t  w i t h  w a t e r  c o o le d  b r a k e  p u l l e y  t h e  wear was n o t  
e x c e s s i v e .  A l l  t e s t s  c a r r i e d  o u t  on t h e  v a r i o u s  f a b r i c s  
show t h a t  i t  i s  n o t  a d v i s a b l e  t o  d e s i g n  f o r  more t h a n  
1 2 ,5 0 0  f t . l b .  p e r  s q . i n .  p e r  m in u te .  A g r a p h  showing 
s p e c i f i c  work ,  H . P . h r .  p e r  s q . i n .  p l o t t e d  on t e m p e r a t u r e  °F .  
i s  g i v e n  a t  F i g .  to  .
E f f e c t  o f  Bap id  H e a t in g  on JL -  v a l u e .
A new b r a k e  l i n i n g  h a v in g  v a l u e  * 0 .4 8  a t a 350 F.
i s  a p p l i e d  t o  t h e  b r a k e  w hee l  which when r u n n i n g  h a s  t h e  
t e m p e r a t u r e  r a i s e d  t o  n e a r l y  350°F.  b e f o r e  a p p l y i n g  t h e  b r a k e .  
A f t e r  t h e  b r a k e  i s  a p p l i e d  t h e  t e m p e r a t u r e  r i s e s  r a p i d l y  to  
5 7 5 ° F . ,  t im e  a p p r o x i m a t e l y  10 m i n u t e s .  T h e ^ - ' v a l u e  o f  t h e  
m a t e r i a l  i s  r e d u c e d  t o  0 .1 8  and may be t a k e n  on a v e r a g e  a s  
0 . 2  f o r  20 m i n u t e s  b e f o r e  d i s i n t e g r a t i o n  o f  l i n i n g  m a t e r i a l  
t a k e s  p l a c e .  The same m a t e r i a l  a t  425°F.  h a s / ^ - v a l u e  = 0 . 4  
b u t  when r a i s e d  to  575 °F .  i n  10 m in u te s  h a s  s t i l l  ^ / / - v a l u e  
s  0 . 3 5 ,  and n e v e r  goes  u n d e r / ^  s 0 . 3 .  In  b o th  c a s e s  t h e  
v a l u e  i n c r e a s e s  a s  d i s i n t e g r a t i o n  o f  l i n i n g  t a k e s  p l a c e  
c a u s e d  by t h e  b i n d i n g  m a t e r i a l  becoming p l a s t i a .  I t  was 
a l s o  found  t h a t  t h e  more s lo w ly  a b r a k e  l i n i n g  i s  h e a t e d  up 
t h e  l e s s  l i k e l y  i s  t h e  b o n d in g  m a t e r i a l  t o  l e a v e  t h e  f a b r i a .  
The g r a p h ,  F i g y l !  , shows how t h e  c o e f f i c i e n t  o f  f r i c t i o n  
v a r i e s  w i th  t e m p e r a t u r e  i n  a  number o f  f a b r i c s ; .  Taking  an 
a v e r a g e  o f  f i v e  d i f f e r e n t  makers* l i n i n g s ,  t h e  maximum l v a l u e  
i s  a b o u t  250°F. and t h e  minimum 400°F .
E f f e c t /
E f f e c t  o f  Roughen ing  S u r f a c e  o f  Brake  Rim. -  
Some c o t t o n  and duck f a b r i c s  have  b een  t e s t e d  which were 
made w i t h  a  s u l p h u r  g r e a s y  compound i n c o r p o r a t e d  w h i l e  u n d e r  
p r e s s u r e .  I t  was fo u n d  t h a t  o x i d i z a t i o n  took  p l a c e ,  and 
sm oo thness  o f  a c t i o n  soon d i s a p p e a r e d .  Where c a s t  i r o n  drums 
hav e  b ee n  r o u g h e n e d  by a  f i l e  i t  h a s  b e e n  o b s e r v e d  t h a t  t h e  
f a b r i c  l i n i n g  s u f f e r s  v e r y  s e v e r e l y ,  and  a f t e r  a r e l a t i v e l y  
s h o r t  t i m e ,  i t  i s  u n f i t  f o r  u s e .  An i r o n  cement was a p p l i e d  
t o  a  s m a l l  p u l l e y  r im  and Ferodo  F i b r e  was u s e d  a s  a b r a k e .  
Under  t h e  a p p l i c a t i o n  o f  a v e r y  l i g h t  p r e s s u r e  wear  was 
e x c e s s i v e  and h e a t  g e n e r a t e d  r a p i d l y ,  showing t h a t  i n  b r a k e  
l i n i n g s  a b r a s i o n  m a t e r i a l  would be d e t r i m e n t a l .
E f f e c t  o f  A p p ly in g  Water  o r  L u b r i c a n t s  t o  B rake  W h ee l . -  
I n  t h i s  s e t  o f  e x p e r i m e n t s ,  "Raybes to^ ' ,  bonded a s b e s t o s  
b r a k e  l i n i n g  i s  u s e d .  The speed  i s  k e p t  ( a p p r o x . )  c o n s t a n t  
a t  10QQ f t .  p e r  m in u te ,  V, and w i t h  a p r e s s u r e  o f  45 l b / i n 2 
t h e u. -  v a l u e  i s  0 . 3 8 .  R a i s i n g  t h e  t e m p e r a t u r e  o f  t h e  b r a k e  
r im  i s  f o l l o w e d  by a  d rop  i n  t h e  v a l u e  o f  t h e  c o e f f i c i e n t  
o f  f r i c t i o n .  Removing t h e  bunsen  b u r n e r s  and a p p l y i n g  w a te r  
t o  t h e  s u r f a c e  o f  th e  b r a k e  r im  lo w ers  the>*-— v a l u e
c o n s i d e r a b l y  and a s  lo n g  a s  t h e  w a te r  i s  a l l o w e d  t o  wet  th e  
b r a k e  s u r f a c e  o f  t h e  w hee l  t h i s  c o e f f i c i e n t  becomes s m a l l e r .
On rem oving  t h e  w a te r  and a g a i n  a p p l y i n g  h e a t  t h e A - v a l u e s  
r i s e s  a s  t h e  m o i s t u r e  d r i e s  o f f  and i s  n o t e d  t o  be g r e a t e r  than, 
o r i g i n a l  s t a r t i n g  v a l u e .  A s e r i e s  o f  t h e s e  changes  a r e  
shown, P i g . / ^ 7, i n  o r d e r  t o  d e p i c t  t h e  v a r i o u s  c h an g e s ;  
shocks  o r  shudders a r e  s een  on t h e  b r a k e  w h e e l* s  m o t io n .
When m o i s t  c o n d i t i o n s  p r e v a i l  d u r i n g  t e s t s  t h e  f o l l o w i n g  
changes  a r e  n o t i c e a b l e :
( 1 ) t h a t  t h e  h ig h  n i b b i n g  v a l u e  o f  t h e  f r i c t i o n  f a b r i c  
m a t e r i a l s  change when w ork ing  on a- u /a .ter Iu6*icQ.{e£/ •
( 2 ) th j  ‘ - v a l u e s  f o r  a l l  m a t e r i a l s  a r e  lo w ered  by one t h i r d
d r y  t e s t  v a l u e s ;
( 3 ) /
46
(3) That  a  t h i n  c o a t i n g  o f  r u s t  o r  i r o n - o x i d e  h a s  b e e n  
fo u n d  t o  l o w e r  th e /* — v a l u e  by  one h a l f .
The p ad  p i e c e s ,  i n  one t e s t ,  a f t e r  b e i n g  f i t t e d  t o  t h e
c u r v a t u r e  o f  t h e  b r a k e  drum w ere  a l l o w e d  t o  so ak  i n  w a t e r
f o r  t h r e e  d a y s .  The f a b r i c  m a t e r i a l  was d ry e d  on b l o t t i n g
the
p a p e r  and p l a c e d  i n n h o l d e r .  I t  o n ly  r e q u i r e d  a  second  o r  
two t o  r e a c h  t h e  ms * - v a l u e  y e t  t h e r e  c e r t a i n l y  was
The l i n i n g  was n o t  d e s t r o y e d  by  t h e  m o i s tu r e /an*Ltf'did otr 
a p p e a r  t o  a f f e c t  t h e  l i n i n g  a f t e r  t h e  f i r s t  t e s t  r u n  which  
p o i n t e d  t o  t h e  f a c t  t h a t  t h e  s u r f a c e  m o i s t u r e ,  r a t h e r  t h a n  
p e n e t r a t i o n  o f  w a t e r  i n t o  t h e  bonded f a b r i c ,  was t h e  cause  
of  t h e  t e m p o r a r y  change i n  t h e  v a l u e  of  t h e  f r i c t i o n  
c o e f f i c i e n t .
To p r e v e n t  o i l  o r  w a t e r  d r i p  r e a c h i n g  t h e  r u b b in g  
s u r f a c e ,  r u b b e r  c o a t i n g  i n  t h e  form o f  a  s o l u t i o n  h a s  been  
t r i e d  on t h e  b r a k e  l i n i n g  l e a d i n g  e d g e .  i . e .  t h e  f i r s t  edge 
o p p o s in g  t h e  m o t io n  of  w h e e l .  E x p e r im e n t s  on p ad s  w i t h  
r u b b e r  s o l u t i o n  on edges  were  n o t  c a r r i e d  t o  any l e n g t h ,  
b u t  showed c l e a r l y  t h a t  f l u i d  c o u ld  be  g u id e d  p a s t  t h e  b r a k e  
s u r f a c e  by  t h i s  s im p le  c o n t r i v a n c e .
E f f e c t  o f  L u b r i c a n t  on F a b r i c  M a t e r i a l .
A par t  f rom t h e  l o w e r i n g  o f  t h e ^ # —v a l u e ,  l u b r i c a t i o n  
d i d  no t  d e s t r o y  i n  any way t h e  d i e  p r e s s e d  f a b r i c  m a t e r i a l ,  
w h ic h ,  f r e e d  f rom o i l ,  soon r e g a i n e d  i t s  normal  c o e f f i c i e n t  
o f  f r i c t i o n  v a l u e .  , On h e a t i n g  up t h e  b r a k e  wheel  when 
t a l l o w  had  b e e n  a p p l i e d  t o  t h e  b r a k e - p a d  s u r f a c e s ,  v e r y  
e r r a t i c  g r i p p i n g  was shown on t h e  w h e e l ’s m o t i o n .  The 
p a s s i n g  from l u b r i c a t i o n  f i l m  t o  b o u n d a ry  l u b r i c a t i o n  and 
t h e n  t o  d ry  c o n d i t i o n  c o u ld  c l e a r l y  be s e e n .  I t  was no t  
i n t e n d e d  i n  t h i s  I n v e s t i g a t i o n  t o  t r y  out  t h e  d i f f e r e n t  
l u b r i c a t i n g  o i l s  t e s t e d  i n  t h e  a u t h o r ’ s second i n v e s t i g a t i o n ,  
b u t  as  a  m a t t e r  of  i n t e r e s t  a  s e t  o f  b r a k e  pads  was s p a r i n g l y  
t r e a t e d /
a  d i s t i n c t  l a g  i n  r e a c h i n g  v a l u e  found  i n  p r e v i o u s  t e s t s .
t r e a t e d  w i t h  Bayonne o i l ,  c a s t o r  o i l ,  and t a l l o w .
The m i n e r a l  o i l  was soon ru b b e d  o f f  and t h e  c o e f f i c i e n t  of  
f r i c t i o n  o f  t h e  f a b r i c  c h an g ed  r a p i d l y  from 0 . 1  t o  0 . 3 5 .
The t a l l o w  a p p e a r e d  t o  l a s t  l o n g e r  a s  a  l u b r i c a t i n g  medium 
w i t h  a  c o e f f i c i e n t  of  0 . 1 5  r i s i n g  t o  0 . 3 5 .  The c a s t o r  o i l  
d i d  a p p e a r  t o  a f f e c t  t h e  l i n i n g  b u t  i n  r a t h e r  a  p e c u l i a r  way 
a s  i t  gave  a  f r i c t i o n  c o e f f i c i e n t  r e a d i n g  of  n e a r l y  0 . 2  and 
a t  one t im e  t h i s  v a l u e  r e a c h e d  0 .4 1  showing t h a t  t h i s  o i l  
h a d  a c t e d  as  a  d r e s s i n g ;  on r u n n in g  f o r  some t im e  t h e  
v a l u e  f e l l  t o  0 . 3 5  which  was t h e  d r y  c o e f f i c i e n t  v a l u e  o f  t h e  
f a b r i c  u n d e r g o i n g  t e s t .
On t h e  f r i c t i o n  m ach ine  e x p e r im e n t s  have  b e en  c a r r i e d
out  w i t h  d r y  and t a l l o w  c o a t e d  c o t t o n  o r  duck b e l t i n g .
As t h i s  i s  a  f a b r i c ,  w h ich  when im p re g n a te d  w i t h  r u b b e r ,  h a s
b e e n  u s e d  f o r  b r a k e  l i n i n g s ,  a  few r e a d i n g s  a r e  g i v e n ;
f u l l e r  t e s t s  on t h i s  s u b j e c t  from a  d i f f e r e n t  p o i n t  of  view
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have  b e e n  made a t  t h e  Roya l  T e c h n i c a l  C o l l e g e  by  L a i r d  
T h i s  p a p e r  d e a l s  w i t h  "V isco u s  e f f e c t s  i n  Dynamometer B e l t s * 1, 
and t h e  a u t h o r  i n  r e a d i n g  o v e r  t h i s  p a p e r  f o r  p u b l i c a t i o n  
p u r p o s e s  soon d i s c o v e r e d  t h a t  L a i r d * s  i n v e s t i g a t i o n s  p o i n t e d  
t o  t h e  f a c t  t h a t  t h e  f o l l o w i n g  fo rm u la
T1 =  I e ( -£ Z E 7 ) . where Te as *1 -  Tg
e f f e c t i v e  t e n s i o n ,  was n o t  e a s y  o f  m a n i p u l a t i o n ,  s i n c e  t h e  
d i f f e r e n c e  i n  t e n s i o n s  depends  on b e l t  c r e e p  and s l i p ,  a rc  
o f  c o n t a c t  b e tw e e n  b e l t  and p u l l e y  f a c e ,  c h a r a c t e r  o f  p u l l e y  
s u r f a c e  and b e l t  s u r f a c e ,  a l s o  v e l o c i t y  o f  b e l t .  I n  t h e  
d r y  c o t t o n  b e l t  t e s t s  a s l i g h t  f o r m a t i o n  o f  ox ide  on t h e  
b r a k e  r im  gave v a r i a b l e  r e a d i n g s ;  t h e  h u m i d i t y  o f  t h e  
a tm o s p h e r e ,  o r  t h e  l e a s t  t r a c e  of  m o i s t u r e  i n  t h e  room 
c a u s e d  v a r i a t i o n s  i n  t h e  r e a d i n g s .  On t h e  i n t r o d u c t i o n  of  
a n o t h e r  v a r i a b l e ,  namely a  t a l l o w  c o a t i n g  on t h e  c o t t o n  
b r a k e  b an d ,  made -  Tg s t i l l  more v a r i a b l e ,  and t h e  u s u a l  
b e l t /
O, y d -  y a iv £
4-q
b e l t  f o r m u l a  ~  e  was n o t  a p p l i c a b l e  as  t h e  t e s t
r e s u l t s  show, Prom t h e  c u r v e  p l o t t e d  f rom e x p e r i m e n t a l  d a t a
L a i r d  gave  t h e  f o r m u l a  V ^ )  *  where
/? s  c o e f f i c i e n t  o f  v i s c o s i t y ;  A i s  t h e  a r e a  o f  f i l m  i n  s h e a r  
o r  a r e a  o f  c o n t a c t  b e tw e e n  t h e  b e l t  and t h e  w h e e l ;  V i s  t h e  
s p e e d  o f  s l i p p i n g ;  and W i s  c a l c u l a t e d  from end t e n s i o n s  as
The r e s e m b la n c e  b e tw ee n  t h e  f o rm u la  g i v e n  i n  t h e  
a u t h o r ’ s i n v e s t i g a t i o n  of  l u b r i c a n t s  s u b m i t t e d  as  p a r t  of  
t h i s  t h e s i s  i s  v e r y  n o t i c e a b l e .
(1) L a i r d ’ s ( t , -  /PJ  — # * * * )*
(2) A u t h o r ’s m. =  /<(r- ^ p ) ^  l u b r i c a t e d  b e a r i n g .
(3) B o sw & ll ’ s yOL =  K k r ~ ^ J  f o r  c l e a r a n c e  b e a r i n g s .
(4) Dry  b e l t i n g  CT, -  t *.) — €
I f  t h e  t e s t i n g  o f  l u b r i c a t e d  c o t t o n  b e l t i n g  e n t a i l s  
t h e  c o n s i d e r a t i o n  o f  f i l m  l u b r i c a t i o n  w i t h  a l l  i t s  i n h e r e n t  
d i f f i c u l t i e s .  F a b r i c  Brake  L i n i n g s ,  w hich  a r e  made from 
bonded a s b e s t o s  ( p lu s  i n  some c a s e s  10 t o  30 p e r  c e n t  o f  
c o t t o n ) , b r a s s  w i r e  (which  does  n o t  a lways  have  t h e  same 
b e a r i n g  s u r f a c e ) , and b o n d in g  m a t e r i a l  ( w i th  v a r y i n g  
v i s c o s i t y ) ,  added t o  t h e s e  t h e  p o s s i b i l i t y  o f  o i l  o r  w a t e r
Jia.ve
l u b r i c a t i o n  on b r a k e  wheel  r i m , / g i v e / i t o  thes  i n v e s t i g a t i o n  
a  most d i f f i c u l t  number o f  v a r i a t i o n s  and c o m p l i c a t e d  
c o m b in a t io n s  o f  v a r i a b l e s .
C o n s i d e r i n g  t h e  c u r v e ,  P i g -  /3  which  h a s  b e e n  t a k e n  
from a  bonded  a s b e s t o s  l i n i n g ,  t h e r e  a r e  t h r e e  d i s t i n c t  
p h a s e s  i n  t h i s  c u r v e  w hich  may be  d e n o te d  by t h e  (1) B r a s s  
or  M eta l  p l a n e ,  (2) C o m p o s i t io n  s t a g e ,  (3) A s b e s to s  P l a n e ;  
t h i s  i s  a s sum ing  no c o t t o n  m i x t u r e  i n  f a b r i c .
The p o r t i o n  f . d .  f e p r e s e n t s  t h e  c u rv e  o f  a s b e s t o s  a l o n e .
The p o r t i o n  a . e .  r e p r e s e n t s  t h e  cu rv e  o f  b r a s s  o r  m e t a l  
a l o n e ,  where  a , b , c , d  i s  t h e  a c t u a l  cu rv e  o b t a i n e d  f o r  t h e  
m a t e r i a l .  The f i r s t  p o r t i o n  o f  t h e  c u r v e ,  namely l i n e  AA 
a p p e a r s /
■ 6° ,
a p p e a r s  t o  be d e t e r m i n e d  by t h e  i n t e n s i t y  o f  t h e  l o a d i n g ,  
b e i n g  n e a r  t o / f c  a x i s  t h e  h i g h e r  t h e  l o a d i n g  becom es .
The m e t a l  c u r v e  shows l i t t l e  chan g e  w i t h  i n c r e a s e  o f  speed  
o f  r u b b i n g ,  b u t  i n  t h e  " c o m p o s i t e  s t a g e "  t h e ^ - v a l u e  
i n c r e a s e s  r a p i d l y  w i t h  t h e  i n c r e a s e  o f  speed..  The a s b e s t o s  
p a r t  o f  c u r v e  d e c r e a s e s  w i t h  t h e  i n c r e a s e  o f  s p e e d ,  v e r y  
r a p i d l y  a t  f i r s t  and t h e n  becomes more n e a r l y  c o n s t a n t .
(1) f o r  m e t a l u. ■ 0 . 3  t o  0 . 3 8  a v e r a g e  0 . 3 4  d ep en d in g
/  on t h e  m e t a l  u s e d .
(2 ) c o m p o s i t e  m a t e r i a l  (m e ta l , ;  a s b e s t o s  p l u s  b o n d in g
m a t e r i a l )  i n c r e a s e s  a t  t h e  r a t e  o f  0 .1 5
p e r  100  f t .  p e r  m i n u t e .
o-o 3
(3) f o r  a s b e s t o s  =  0 . 4 3  speed  . v , t h i s  b e i n g
an a v e r a g e  d e r i v e d  f rom c u r v e s  w i t h  7 l b  and 28 l b  p e r  s q . i n .  
p r e s s u r e  l o a d i n g ;  t h e  e q u a t i o n s  f o r  t h e  c u r v e s ,  P i g .  /3  a..
J?0
b e i n g  (a) l o g ^ ^  a - 0 . 3 5  -<7.02 l a g  s p e e d .
(b) l o g ^ A  3 - 0 . 3 8  -<?.04 l o g  s p e e d .
U s ing  a s  a  l u b r i c a n t  machine  o i l  changes  t h e  c o e f f i c i e n t  
i n  t h e  p h a s e  ( l )  f rom  0 . 3  t o  0 . 1  i n  f o u r  m i n u t e s ,  and t h e  
a s b e s t o s  when l u b r i c a t e d  s t i l l  l o w e r s  i t h i s  v a l u e  and a t  t h e  
end o f  a n o t h e r  p e r i o d  o f  f i v e  m i n u t e s  t h e ^ ^ v a l u e  h as  become 
0 . 0 2 .  I n  t h e  c a s e  o f  p r e s s e d  b l o c k  l i n i n g s  t h e  l o w e s t  
v a l u e  r e a c h e d  was 0 . 0 8  which  i s  a lm o s t  e q u a l  t o  m e t a l  on 
m e t a l .  C u r v e s ,  P i g .  have  been  drawn t o  i l l u s t r a t e  t h e  
changes  w h ich  t a k e  p l a c e  i n  t e m p e r a t u r e  a n d ^ -  v a l u e s  when 
l u b r i c a n t  i s  used  on t h e  Brake  W heel .
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Prom t h e  f o r e g o i n g  e x p e r i m e n t a l  r e s u l t s  g i v e n  i n  t h i s  
i n v e s t i g a t i o n  i t  w i l l  be  s een  t h a t  a  wide v a r i a t i o n  o f  r e s u l t s  
i s  due t o  t h e  v a r i a b l e  n a t u r e  o f  t h e  combined m a t e r i a l s  and 
t h e i r  m ethod o f  m a n u f a c t u r e .  The A s b e s to s  P i b r e s  a r e  washed 
w i t h  m i n e r a l  a c i d s  i n  o r d e r  t o  make t h e  f i b r e s  more a b s o r b e n t  , 
and a l s o  t o  p r e v e n t  c o - a g u l a t i o n  o f  r u b b e r  w h i l e  t h e y  a r e  
b e i n g  im p re g n a te d  w i t h  l a t e x .  The! p e r c e n t a g e  m i x t u r e  i s  
u s u a l l y /
s/.
u s u a l l y  80 a s b e s t o s  t o  20 r u b b e r ;  t h e  l a t e x  u s u a l l y  forms 
50 p e r  c e n t *  s o l i d  c o n t e n t ,  and v e g e t a b l e  f i b r e s  may r e p l a c e  
a s b e s t o s  i n  p a r t .  S u l p h u r  may a l s o  be  a d d e d .  T h i s  i n  t h e
t >
i n v e s t i g a t i o n  on L u b r i c a n t s  h a s  b e e n  p l a c e d  among t h e
m a t e r i a l s  u s e f u l  f o r  c a r r y i n g  away h e a t  f rom an o v e r - h e a t e d
j o u r n a l  b e a r i n g .  The m i x t u r e  o f  m a t e r i a l s ,  A s b e s t o s ,
R u b b e r ,  S u l p h u r ,  e t c .  i s  made i n t o  a  dough;  t h i s  i n  t h e
c a s e  o f  t h e  A s b e s to s  Bonded B rahe  L i n i n g s  i s  f o r c e d  i n t o
t h e  meshes  o f  t h e  w i r e  f a b r i c ,  and p u t  i n t o  m oulds  i n  t h e
c a s e  o f  m oulded  l i n i n g s  w i t h o u t  m e t a l .  A f t e r  b e i n g  a l l o w e d
t o  s e t  a t  a  m o d e r a t e  h e a t ,  1 5 0 ° P . , i n  a  vacuum d r i e r ,  t h e
s l a b  o r  mould i s  com p ressed  t o  a b o u t  of  i t s  i n i t i a l
t h i c k n e s s .  The s l a b s  and t h e  moulds  a r e  k e p t  h e a t e d  w h i l e
u n d e r  h y d r a u l i c  p r e s s u r e ,  and t h i s  t e n d s  t o w a rd s  c o n s t a n c y
v a r y
o f  f i n i s h e d  m a t e r i a l .  The t e m p e r a t u r e  o f  t h e  m o u ld s / f ro m  
275 t o  4 0 0 °P .  and t h e  h y d r a u l i c  l o a d  a p p l i e d  may be s u c h  as  
t o  g i v e  50 t o n s .
(1) These  l i n i n g s  have  a  h a r d n e s s  of  Rochw el l  U o .B . and 
c a n  b e  m ac h in e d .  Thus when a  b r a k e  s t r a p  a r ran g e m e n t  i s  
p r o p e r l y  d e s i g n e d  t o  g iv e  u n i fo r m  p r e s s u r e ,  t h e  l i n i n g  may 
be  made t o  f i t  c l o s e l y  on t o  t h e  b r a k e  w h e e l .  A f a u l t  found 
i n  c a r r y i n g  ou t  e x p e r i m e n t s  w i t h  f a b r i c  m a t e r i a l  made i n  
1926 was t h e  l a c k  o f  smooth s u r f a c e .
(2 ) The d i s c a r d i n g  o f  t h e  m e t a l  b i n d e r  i s  a n o t h e r  
d i s a d v a n t a g e  b r o u g h t  out  by t h i s  i n v e s t i g a t i o n  owing tQi 
q u a n t i t y  of  m e t a l  s u r f a c e  exposed  t o  r u b b in g  wear  n o t  b e i n g  
u n i fo r m .
(3) The m a t e r i a l  as  now m a n u f a c tu r e d  i s  n o t  d e s t r o y e d  by 
e x p o s u re  t o  w a t e r  o r  o i l ,  b u t  t h i s  does  n o t  mean t h a t  an 
o i l e d  s u r f a c e  can  be used  f o r  a  heavy  l o a d  b r a k e  o r  f r i c t i o n  
c l u t c h .  The f a b r i c  m a t e r i a l  b eh a v e s  i n  t h e  same manner  as  
a l l  l u b r i c a t e d  m e t a l  s u r f a c e s  s u b j e c t e d  t o  r u n n in g  speed  and 
p r e s s u r e /
p r e s s u r e .  The a s b e s t o s  c o m p o s i t i o n  can  b e  u s e d  f o r  c l u t c h e s  
d e s i g n e d  f o r  w o rk in g  i n  o i l .  T h i s  i s  t h e  m a t e r i a l  u se d  i n  
combined  c l u t c h  and c h a n g e - s p e e d  l e v e r  g e a r .
(4) T e m p e ra tu re  e f f e c t s  a r e  s u c h  t h a t  w i t h  many b u i l t  up 
f a b r i c s  e x c e s s i v e  w ea r  t a k e s  p l a c e  a t  h i g h  t e m p e r a t u r e s .
The t e m p e r a t u r e ,  w i t h  t h e  newer  h o t - p r e s s e d  l i n i n g s ,  may now 
r e a c h  500°P .  w i t h o u t  d e s t r u c t i o n .
(5) Wear,  w h ic h  was m easu red  by  change  o f  t h i c k n e s s  i n  a  
g i v e n  t i m e ,  o r  b y  change  o f  w e i g h t  o ver  a  g i v e n  p e r i o d  o f  
r u b b i n g ,  h a s  b ee n  m easu red  by a b s o r p t i o n  o f  e n e r g y  p e r  u n i t
o f  volume (one c u b i c  c e n t i m e t r e )  and e x p r e s s e d  i n  h o r s e - p o w e r  
h o u r s  p e r  c u b i c  c e n t i m e t r e  o r  f t . l b .  p e r  m in .  p e r  s q . i n .
o f
T h i s  m e t h o c / m e a s u r i n g  w ear  c o u ld  be  s t a t e d  as  an i n d e x  
o f  t h e  p e f f o r m a n c e  o f  b r a k e  l i n i n g s ,  and c o u l d  be made a  b a s i s  
o f  c o m p a r i s o n ,  h o r s e  power  h o u r s  p e r  c u b ic  c e n t i m e t r e ,  b u t  
must n o t  be  t a k e n  when making a  co m p a r i so n  b e tw e en  s e r v i c e  
b r a k e s  f i t t e d  t o  m a ch in e s  where e x c e s s i v e  p r e s s u r e  may be  
a p p l i e d  i n t e r m i t t e n t i j r a n d  f o r  s h o r t  p e r i o d s .  The b r a k e s  a r e  
n e v e r  a l lo w e d  t o  c o o l  b u t  a r e  u se d  a t  p e ak  t e m p e r a t u r e s  where 
wear  i s  e x c e s s i v e .
( 6 ) The n a t u r e  o f  t h e  s u r f a c e  o f  t h e  b r a k e  r im  i s  a  
d e c i d i n g  f a c t o r .  I n  t h e  main  t e s t s  a  c a s t  i r o n  b r a k e  drum 
was u s e d ,  b u t  moulded t y p e  o f  b r a k e  l i n i n g  h a s  been  p ro v ed  
more s u i t a b l e  t o  u s e  w i t h  low c a r b o n  s t e e l  p r e s s e d  drums t h a n  
bonded a s b e s t o s .  M e t a l ,  i n t r o d u c e d  t o  s t r e n g t h e n  t h e  y a r n ,  
c a u s e s  s e i z u r e  t o  t a k e  p l a c e  w hich  i s  f o l l o w e d  by  a  f l u c t u a t i n g  
f r i c t i o n a l  v a l u e  w h ich  r e s u l t s  i n  S n a t c h *  o r  1 s h u d d e r 1 abd 
b r a k e  drum s c o r i n g *
At s low c r a w l  s p ee d s  1 s n a t c h 1 and 1 shudder*  i s  v e r y  
n o t i c e a b l e  i n  t h e  c a s e  o f  h i g h / * - v a l u e  f a b r i c  m a t e r i a l .
Whi/g t h e  l o w ^ - v a l u e  m a t e r i a l  su ch  as  b r e k o , w i t h  i t s  low 
s t e a d y  f r i c t i o n a l  v a l u e  o f  0 . 2 8  t o  0 .25 ,  p r o v i d e s  a  smooth s©d 
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R e o a c T t Q r A  1M T h i c k n e s s  - i k s  Qissvpated W o s > v <  I O ^ f t . l s
ggftgidft SofcFACe. \ SQ ij£
QlSSlPATED Wogv< lO^FT.Lg.R e d u c t i o n  i n  T h i c k n e s s  -  t ^ s
f a i r l y  r a p i d  r e t a r d a t i o n .  This c l a s s  o f  m a t e r i a l ^ u s e d u tii ia ,  
low b e a r i n g  p r e s s u r e ,  was found  t o  be  good f o r  e l e c t r i c  
l i f t i n g  c r a n e s  and  h o i s t i n g  m a c h i n e r y ,  a  f a c t  c o n f i rm e d  by  
t e s t s  c a r r i e d  out  by  M e s s r s .  Adamson a t  t h e i r  c r a n e  w o r k s .
CONCLUSIONS OH BEAKS LININGS 
T h i s  i n v e s t i g a t i o n  h ad  f o r  i t s  aim t h e  c o m p a r i so n  of  
f a b r i c  l i n i n g s  as  m a n u f a c t u r e d ,  a  g r o u p in g  t o g e t h e r  o f  t e s t  
r e s u l t s  as  r e q u i r e d  by  t h e  e n g i n e e r ,  an enco u rag em en t  t o  
s t a n d a r d i z a t i o n  of  t e s t s ,  and  q u a l i t y  o f  m a t e r i a l  u s e d .
S in c e  t h e  f i r s t / o f  t h e s e  t e s t s  w ere  p u b l i s h e d  1930, m a n u f a c t u r e r s  
have  im proved  t h e i r  r u n n in g  t e s t s ,  and g u id e d  by  r e s u l t s  
o b t a i n e d  by  t h e s e ,  and o t h e r  e x p e r i m e n t e r s 1 r e s u l t s  Qh 
d u r a b i l i t y  when c o n s i d e r a t i o n  i s  t a k e n  of  d u t y  imposed t h e y  
have  gone on c r e a t i n g  new and b e t t e r  m a t e r i a l s  s u i t e d  f o r  
c a r r y i n g  h e a v i e r  l o a d s ,  i n c r e a s i n g  s p e e d s ,  and s t o p p i n g  
powers  when s u d d e n ly  a p p l i e d  t o  moving m a c h i n e r y .
Much of  t h e  d a t a  g i v e n  i n  t h i s  i n v e s t i g a t i o n  a r e  
a p p l i c a b l e  t o  F r i c t i o n  C l u t c h e s  and F r i c t i o n  Spur  and b e v e l  
w h e e l s .  The o n ly  d i f f e r e n c e  i s  i n  t h e  r a n g e  o f  p r e s s u r e s  
a p p l i e d  i n  c l u t c h e s  and w h ee ls  w hich  may v a r y  from 25 t o  75 
l b .  p e r  s q . i n . ,  w h e reas  i n  b r a k e  l i n i n g s  t i ie  p r e s s u r e  on an 
a v e r a g e  is> abou t  15 l b .  p e r  s q . i n .  w i t h  a  maximum of  30 l b .  
p e r  s q . i n .  Even a  lo w e r  p r e s s u r e  12 l b .  p e r  s q . i h .  h a s  b e e n  
used  by  c r a n e  m a k e r s ,  and s u g g e s t e d  by t e s t  r e s u l t s  O b ta in e d  in 
t h i s  i n v e s t i g a t i o n .  .The b r a k e  drums and b r a k e  sh o es  u sed  i n  
p r a c t i c e ,  even  when made of  p r e s s i n g s  a r e  n o t  f l e x i b l e .
The b r a k e  l i n i n g s  i n  a l l  t h e  t e s t s  d e s c r i b e d  a r e  "worn i n " ,  
t h a t  i s ,  i n  a p p l y i n g  t h e  b r a k e  a l l r p o i n t s  must t o u c h  t h e  drum 
a t  t h e  same moment. I n  a p p l y i n g  t h e  b r a k e  t h e  l i n i n g  i s  
b e i n g  co m p re sse d ,  t h e  c o m p re ss io n  b e i n g  i n  p r o p o r t i o n  t o  t h e  
p r e s s u r e  w hich  i s  e x e r t e d  on t h e  l i n i n g  (Hookefs Law),  o r  t h e  
sum of  a l l  f r i c t i o n  f o r c e s  ^  ^
The h i g h e r  t h e  s e l f - a c t u a t i o n  t h e  more s e n s i t i v e  i s  a  
b r a k e  t o  change i n  f r i c t i o n  c o e f f i c i e n t .  T h e r e f o r e ,  i f  t o o  
h i g h /
h i g h  a  d e g r e e  o f  s e l f - a c t u a t i o n  i s  u s e d  i n  a  b r a k e  d e s i g n ,  
t h e  b r a k e  i s  l i a b l e  t o  " g ra b "  i n  some c a s e s ,  w h i l e  i t  w i l l  
n o t  h o l d  s u f f i c i e n t l y  i n  o t h e r s .  Tha t  i s  why i t  i s  much 
more i m p o r t a n t  t o  o b t a i n  a  b r a k e  l i n i n g  w h ic h  i s  a f f e c t e d  
as  l i t t l e  as  p o s s i b l e  by  t e m p e r a t u r e ,  m o i s t u r e ,  s p e e d ,  e t c .  
t h a n  t o  o b t a i n  a  h i g h  f r i c t i o n a l  c o e f f i c i e n t .  The re  
a p p e a r s  t o  be no way o f  j u d g i n g  t h e  s e l f - a c t u a t i o n  o f  a  
b r a k e  s h o e .  D i f f e r e n t  d e s ig n s  show d i f f e r e n t  f e a t u r e s  and 
makers  of  b r a k e  l i n i n g s  a r e  now i n c l i n e d  t o  s p e c i f i c  b r a k e  
l i n i n g s  t o  be u sed  w i t h  c e r t a i n  d e s i g n s .
F a b r i c  M a t e r i a l  u sed  f o r  G e a r i n g .
When g e a r  w h e e l s  a r e  made from f a b r i c s ,  s u c h  a s  f I o c o ! 
and !F a b r o i l f , c o n s i d e r a t i o n  must  be g i v e n  t o  t h e  T e n s i l e  
S t r e n g t h  o f  t h e  m a t e r i a l ,  t o  t h e  h a r d n e s s  of  t h e  f a b r i c  on 
t h e  r o o t  s u r f a c e  of  t h e  t o o t h  and t o  t h e  w e a r i n g  s u r f a c e  
of  t h e  m a t e r i a l .  The d u ty  o f  w hee l  t e e t h  i s  t o  t r a n s m i t  
power w i t h  l e a s t  p o s s i b l e  l o s s .  The e f f i c i e n c y  of t h e  
g e a r i n g  depends  on l u b r i c a t i o n ,  w h ich  i s  q u i t e  d i f f e r e n t  
f rom F a b r i c  Braice L i n i n g  which  s e e k  t o  u se  t h e  d ry  r u b b i n g  
s u r f a c e s ,  s l i d i n g  f r i c t i o n ,  w i t h o u t  s e e k i n g  t o  use  
s e i z u r e  a c t i o n  which  would d e s t r o y  t h e  s u r f a c e s .  In  g e a r  
t e e t h  t h e  a c t i o n  i s  p a r t  r o l l i n g  and p a r t  s l i d i n g  f r i c t i o n  
w i t h  l i n e  c o n t a c t .
Comparison  i s  made be tw een  m a t e r i a l  u s e d  f o r  wheel  
b l a n k s .
(1 ) F a b r o i l  p i n i o n s  which  a r e  made from co m pressed  c o t t o n  
( s p e c i a l l y  p r e p a r e d  c o t t o n  fibres ,! .  T h i s  m a t e r i a l  t a k e s  t h e  
p l a c e  o f  com pressed  p a p e r  and wood p u l p  b l a n k s .  In  t h i s  
c a se  t h e r e  i s  no b i n d e r  u sed  and c o m p re s s o r  t h e r e f o r e  h a s  
t o  be m a i n t a i n e d  by means o f  s t e e l  s i d e  p l a t e s ,  o r  s h r o u d s ^  
i f  t h e s e  a r e  removed t h e  F a b r o i l  i s  u s e l e s s .  I n  t h i s  c l a s s  
r a w -h id e  p i n i o n s  and p i n i o n s  made from l o c o  s h e e t  may be 
c l a s s e d .
The n a t u r e  of t h e s e  f a b r i c s  made t e s t i n g  on t h e  
F r i c t i o n /
F r i c t i o n  M achine d i f f i c u l t  a s  t h e  c u t t i n g  up i n t o  - J - i n .  
s q u a r e s  to. f i t  t h e  f a b r i c  h o l d e r ,  F i g .  3  was a lm o s t  
i m p o s s i b l e .  T e s t  c a r r i e d  o u t  on t h i s  m a t e r i a l  showed t h a t  
t h e  d ry  f r i c t i o n  was; r a t h e r  e r r a t i c ,  v a r y i n g  from  s t a t i c  
f r i c t i o n  0 .2 5  t o  r u n n in g  f r i c t i o n  0 . 6 , and a g a i n  f a l l i n g  
r a p i d l y  t o  0 .2 5  as  h e a t  b ro u g h t  o u t t h e  d r e s s i n g .
When l u b r i c a n t  was a p p l i e d  t h e ^ -  v a lu e  d ro p p e d  by  a b o u t
g i v i n g  a / t f - v a l u e  o f  0 .1 6  t o  0 . 2 .  (T a llo w  l u b r i c a n t ) .  
C a s to r  o i l  d r e s s i n g  when a p p l i e d  t o  t h e  f r i c t i o n  p a d s  was 
i n c l i n e d  t o  c a u s e  a  v i s c o u s  d r a g .
(2) F a b r o i l - A  c u t  v e r y  e a s i l y  i n t o  -^ - in .  s q u a r e s  and when 
ru n  on t h e  F r i c t i o n  M achine gave sm ooth r u n n in g  and t a k i n g  
on a  b e a u t i f u l  p o l i s h e d  s u r f a c e  w h ich  worked w e l l  w i t h  
c a s t  i r o n .  The l u b r i c a t e d  f r i c t i o n  t e s t s  gave  a  v a lu e  f o r
* 0 .1  t o  0 . 0 6 .  A h ig h  p r e s s u r e  c o u ld  b e  a p p l i e d  t o  
t h i s  m a t e r i a l ,  and o i l  d id  n o t  t e n d  t o  d e s t r o y  i t s  s t r u c t u r e  
even  when ru n n in g  a g a i n s t  t h e  g r a i n  of t h e  t e x t u r e ,  y e t  i t  
does n o t  a p p e a r  t o  have  th e  s t r e n g t h  o f  t h e  s h ro u d e d  p i n i o n .
(3) F erodo  bonded a s b e s t o s  c o u ld  n o t  be  u se d  f o r  g e a r i n g  
b u t  f o r  l i g h t  d u ty  F erodo  f i b r e  c o u ld  be  u s e d .
(4) lo c o  i s  made i n  much t h e  same m anner a s  F a b r o i l  t h e  
o n ly  d i f f e r e n c e  b e in g  t h a t  i n  a  s e m i - p l a s t i c  s t a t e  t h e  
woveb c o t t o n  duck s t r i p  i s  im p re g n a te d  w i t h  s y n t h e t i c  r e s i n  
and com pressed  i n  s team  h e a t e d  m oulds u n d e r  p r e s s u r e .
I t  i s  f i n i s h e d  as  i t  comes from  t h e  m oulds e x c e p t  f o r  s l i g h t  
t r im m in g  a t  t h e  p a r t i n g  l i n e  i n  g e a r  b l a n k s ,  and c u r i n g  f o r  
ab o u t 20 h o u rs  a t  2 1 2°F . ^
(5) C o t to n  c l o t h  im p re g n a te d  w i t h  B a k e l i t e  i s  p r e s s e d  
i n t o  h e a t e d  m oulds t o  make t u r n i n g  g e a r s  fior o i l  pum ps.
Duck c l o t h  h a s  u s u a l l y  a  t e n s i l e  s t r e n g t h  o f  24 t o  30 l b .  
p e r  in c h  w id th  p e r  p l y .
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7 3 .5  «
V u lc a n iz e d
F ib r e 7 .5  t o n s / i n ^ 3 .5 75 70 R o c k w e ll  B
The Y oungf s Modulus f o r  a l l  f a b r i c s  i s  a p p r o x im a te ly  
1 x  10  . The b l a n k s  can  be m ach ined  by  u s in g  t o o l s  w i t h  l a r g e  
to p  r a k e ;  c i r c u l a r  m i l l i n g  hobs  w i th  s t e e p  to p  r a k e  a r e  u se d  
f o r  c u t t i n g  t e e t h  in  b l a n k s ,  and g r i n d i n g  may be idone 
p r e f e r a b l y  b y  a  r a p i d l y  r o t a t i n g  f i n e - g r a i n e d  em ery w h e e l ,
( e . g .  Ho. 40 em ery , 5 in c h  d iam , 3000 r . p . m . ) ,  t a k i n g  c a r e  
t o  a v o id  undue h e a t i n g  o f  t h e  f a b r i c .  These  f e a t u r e s  w ere 
c l e a r l y  b ro u g h t  out d u r in g  t h e  m a c h in in g  o f  t h e  v a r i o u s  t e s t  
p i e c e s .
G ro s s -B re a k in g  S t r e n g t h  o r  Maximum F i b r e  S t r e s s .
For m ost p r a c t i c a l  p u r p o s e s  t h i s  i s  d e f i n e d  a s  t h e  l o a d , P ,  
r e q u i r e d  t o  f r a c t u r e ,  by  b e n d in g ,  a  b a r - s h a p e d  t e s t - p i e c e  -pf 
g iv e n  r e c t a n g u l a r  c r o s s  s e c t i o n  (b a b r e a d t h ,  d a d e p t h ) , 
when t h i s  i s  s u p p o r te d  o r  h e l d  h o r i z o n t a l l y  and t h e  lo a d  
a p p l i e d  v e r t i c a l l y  i n  one o f  th e  f o l lo w in g  form s o f  t e s t : -
(a) C a n t i l e v e r  T e s t :  The b a r  i s  h e l d  b y  a  c lam p a t  one
end and lo a d  a p p l i e d  a t  a  d i s t a n c e ,  L , from  t h e  n e a r  edge o f  
t h e  c lam p . S t r e s s  a . i 0c o ,  0 .5 "  x  .7 5 "  x  2 . 5 " .
S a fe  l o a d ,  25 l b .
(b) 3 - p o i n t  L o a d in g  t e s t :  The b a r  i s  s u p p o r t e d  a t  two
p o i n t s  a  g iv e n  d i s t a n c e ,  L , a p a r t ,  and t h e  l o a d  a p p l i e d
-3 ^ /  /  7 ^
midway b e tw e e n  th em . S t r e s s  a  » F a b r o i l - A  a
0 . 5 M x  .75" x  2 * 5 ” , S a fe  L oad , 95 l b .
Im pact S t r e n g t h
(c) T h is  i s  e x p r e s s e d  a s  e n e rg y  p e r  u n i t  a r e a  o f  c r o s s  
s e c t i o n  o f  t h e  t e s t  p i e c e  w here  f r a c t u r e  o c c u r s ,  b u t  t h i s  
t e s t  v a r i e s  w i t h  t h e  shape  o f  t h e  c r o s s  s e c t i o n .  T h i s  gave  
a p p r o x im a te ly  2 t o  3 f t . l b .  f o r  a l l  f a b r i c  m a t e r i a l .
P l a s t i c  Y ie ld  T e s t  -  ( d ) : T e s t  a s  i n  (b) a t  a  g iv e n  
t e m p e r a tu r e  (2 0 0 °P .)  f o r  a  g iv e n  t im e  9 m i n u t e s ,  o r  8 0 °F .  
f o r  a  p e r i o d  n o t  l e s s  t h a n  12 h o u r s .  One o f  t h e  F a b r o i l - A  
p i e c e s  was t u r n e d  to- £ fl d i a m e te r  a t  ends  and a  p l a i n  p o r t i o n  
d i a m e te r  f o r  2 ” l o n g .  T h is  t e s t  p i e c e  was s u b j e c t e d  
t o  t o r s i o n  and gave on an a v e ra g e  10000  l b / i n ^  (max. 13000 
l b / i n 2 , m in .  9000 l b / i n 2 ) .
A b s o rp t io n  T e s t s  -  The V u lc a n iz e d  F i b r e ,  a l t h o u g h  
l i k e  t h e  o t h e r  f i b r e s  t e s t e d  was i n s o l u b l e  i n  o r d i n a r y  
s o l v e n t s ,  was s e e n  t o  a b s o rb  w a te r  ( s w e l l s ) .  In  t h i s  
r e s p e c t  lo c o  and F a b r o i l  m a t e r i a l s  a r e  b e t t e r  t h a n  
V u lc a n iz e d  P i b r e ,  wood, r a w - h id e ,  e t c .
Formapex M io c a r t a  and F a b r o i l - A  g e a r s  and b l a n k s  a r e  
s e n t  out from f a c t o r y  w i t h  m e ta l  c e n t r e s  w h ich  a r e  
p e rm a n e n t ly  h e l d  in  p o s i t i o n  w i th o u t  r i v e t s .  S k e tc h e s  o f  
a  b la n k  and a  c u t  g e a r  a r e  shown in  P i g . / / '  . T hese  c a n  
be made much s t r o n g e r  and l i g h t e r  th a n  when c u t  from  s l a b s .
Prom t h e  fo rm u la  HP a 0 .0 0 0 1  x V x f x b x y
L .P
d e r i v e d  f o r  lo c o  m a t e r i a l ,  l e t  b r e a d t h  o f  f a c e  o f  w h ee l  b
s  1 in c h  and th e  d i a m e t r i c a l  p i t c h  L . P .  a 1 ,  t h e n  t h e
fo rm u la  f o r  h o r s e  power becomes HP a .0001 x  V x  f  x  y  p e r
in c h  o f  f a c e  p e r  1 d i a m e t r i c a l  p i t c h .  Assume p r e s s u r e
a n g le  1 4 ^ ° ,  th e n  l o g  HP a  l o g  0 .0 0 0 1  +  l o g  V +  l o g  f  -h l o g y .
To make an  a l ig n m e n t  c h a r t  t o  s u i t  t h i s  l o g a r i t h m i c  f o rm u la  
o f /
of  f o u r  v a r i a b l e s ,  l e t  l o g  r  * l o g  V -f- l o g  f #
I f  V v a r i e s  from  100 t o  2000 f t *  p e r  sec*  th e n  
lo g  20000 -  l o g  100 = 1 .5 0 1 .  m a g n ify  t h i s  by  5 ,  s a y  
6 .5 0 5 ”
The s a f e  s t r e s s  o f  t h e  m a t e r i a l  f o r  d i f f e r e n t  sp eed  may 
v a r y  from  1000 t o  4 0 0 0 .
Then l o g  4000 -  l o g  1000 a  0 . 6 0 2 .  m a g n i fy  by  1 0 ,  s a y  
6 .0 2 ".
The form  f a c t o r  w i l l  v a ry  from  0 .0 7 5  t o  0 . 1 1 8 .
lo g  0 .1 1 8  -  l o g  0 .0 7 5  a  0 . 2 .  m a g n ify  by  s a y  6 W
I f  t h e  d i s t a n c e  b e tw e e n  s c a l e  and s c a l e  f  a  3 H
t h e n  s c a l e  o f  r  w i l l  be  d i s t a n t  from  V b y  e ”
/
When e a  ____    x  3 a — — '° —L■- x  3 a a 1"S* .  ~
Sy Sf  5̂- -T /O  "Vo
and s c a l e  o f  r ,  £S r/  s  /Q
A gain  p l a c e  s c a l e  y  a t  d i s t a n c e  3” from  s c a l e  r ,
t h e n  e * sy  x  3 -  £  _ -  M A  .  ,g o x o  m J. . / x 3 « / o - 0 . 3
far  ■+• s y  55
Then s c a l e  f o r  H .P . ( S ^  ) a ^
V f
S u b s t i t u t e  i n  fo rm u la  HP 2 0 .0 0 0 1  x  2000 x  1000 x  .118
s  2 3 .6
and HP a  0 .0 0 0 1  x  100 x  4000 x  .075  
2 3 .
The c h a r t  h a s  now b e e n  draw n, P i g , /g  from  t h i s  d a t a  and 
g iv e s  any o f  t h e  f o u r  v a r i a b l e s  when t h e  o t h e r s  a r e  known. 
T h is  c h a r t  h a s  b e e n  im proved by  a d d in g  t h e  s c a l e  f o r  t h e  
p i t c h  d ia m e te r  o f  t h e  w h e e l s ,  t h e  number o f  t e e t h  and t h e  
d i a m e t r i a l  p i t c h .  The fo rm u la  w h ich  g iv e s  t h e s e  d im e n s io n s  
and numbers a r e
(d iam . o f  gear}  r . n . m .  -  __(1) 1 2  -------1------y----- -  V e l o c i t y  m  f t  . p e r  m in .
= 0 .2 6  d x  r . p . m .  = V
(2 ) c i r c u m f e r e n t i a l  p i t c h  p : - ^ - a n d  np = vrd 
























































Prom ( l )  l o g  d s  l o g  V -  l o g  .26  -  l o g  N
Prom (2) lo g  D .P .  a l o g  n -  l o g  d
By t h e  same m ethod t h e  s c a l e s  N and D .P .  have  b een
ly .
a d d e d .  These  c o u ld  have  b e e n  drawn s e p a r a t e l y  b u t  ̂  t h e  
a d d i t i o n  of k e y - l i n e s  t h e  s c a l e s  a r e  c l e a r l y  c o n n e c te d .
The a u t h o r  was a sk e d  by P r o f e s s o r  M e lla n b y  t o  f u r n i s h  
t h e  m a n u f a c tu r e r s  o f  lo c o  P a b r ic  w i t h  a  f o rm u la  t o  s u i t  
t h e i r  m a t e r i a l ,  and t h i s  h a s  b e e n  added as  a  m a t t e r  o f
i n t e r e s t ,  and i s  a  p r a c t i c a l  i l l u s t r a t i o n  o f  t h e  e a s e  w i t h
w hich  nomograms can  be a d o p te d  t o  t e s t  r e s u l t s .  An 
e x p e r im e n ta l  a p p a r a t u s  was a l s o  d e s ig n e d  t o  t e s t  t h e  en d u ra n c e  
of f a b r i c  g e a r i n g  when r u n n in g  i n  c o n j u n c t i o n  w i th  c a s t  i r o n  
w h e e l s .
P o r  t h e  f i r s t  r u n - i n  o f  f a b r i c  g e a r in g  i t  i s  a d v i s a b l e  
t o  u se  a  s o l i d  l u b r i c a n t  su ch  as  a  m ix tu re  o f  v a s e l i n e  and 
g r a p h i t e ,  o r  c o l l o i d a l  g r a p h i t e .  A t h i n  c o a t i n g  o f  t h i s  
l u b r i c a n t  d u r in g  t h e  r u n - i n  p e r i o d  h e l p s  t o  make a  p o l i s h e d  
smooth s u r f a c e ,  a f t e r w a r d s  t h e  g e a r s  may be  ru n  i n  a  b a t h  
o f  good l u b r i c a t i n g  o i l .
The f a b r i c s  m ig h t  be made t o  s u i t  t h e  ch u ck  of a  
r e v e r s a l  o f  b e n d in g  s t r e s s  m a c h in e ,  and c o u ld  be  s u b je c t e d  t o  
a  s l i d i n g  m o tio n  a b r a s i o n  as  a  s p e e d i e r  m ethod o f  t e s t i n g  t h e  
g e a r  b la n k  p r e s s e d  f a b r i c  m a t e r i a l .  T h is  w ould c e r t a i n l y  
g iv e  a  v e r y  much s h o r t e r  t e s t  t h a n  was recommended t o  t h e  lo co  
Company.
Prom t h e  a l ig n m e n t  c h a r t  t h e  t a b l e  and g ra p h  h o r s e  pow ers 
f o r  v a r i o u s  d i a m e t r i c a l  p i t c h  h av e  been  drawn up f o r  e a s y  
a p p l i c a t i o n ,
D i a m e t r i a l  p i t c h  10  8 6 5 4 5 2£ 2
H .P . £  1 .2  3 -5  7 .5  10 15 -25  50-60  75-100
T h is  i n v e s t i g a t i o n  was sup p lem en ted  by  work done on th e  
s t r e n g t h  o f  v a r i o u s  p l a s t i c  moulded m a t e r i a l  f o r  h a rd n e s s  and 

















Q iA tfE T g A L
Fabric P j o u L o e a C lt
s t r e n g t h ,  t h e  number o f  w h ich  h a s  c o n s i d e r a b l y  i n c r e a s e d  
s i n c e  t h i s  r e s e a r c h  b eg a n  i n  1979 , b u t  .as t h e  T h e s i s  h a s  
become r a t h e r  . l e n g th y  i t  was th o u g h t  a d v i s a b le  t o  l e a v e  t h i s  
f o r  a  f u t u r e  r e s e a r c h .
I n  p r e v i o u s  p a p e r s  t h e  a u t h o r  h a s  th a n k e d  P r o f e s s o r s
A .L . M e lla n b y  and P r o f e s s o r  Wm. K e r r  f o r  p e r m is s i o n  t o  c a r r y  
o u t t h e s e  t e s t s  and h e r e  a g a in  he  d e s i r e s  t o  t h a n k  them  f o r  
g u id a n c e  and encourggem en t d u r in g  t h e  many t e s t s  c a r r i e d  o u t .  
To t h e  d i f f e r e n t  m a n u f a c tu r e r s  o f  f a b r i c s  s u p p l i e d  f o r  t h e s e  
t e s t s  t h e  a u t h o r  t e n d e r s  h i s  t h a n k s ,  and a l s o  t o  th e  
G overno rs  o f  t h e  R oyal T e c h n ic a l  C o l le g e  f o r  t h e  freedom  t o  
u se  t h e  pow er and p l a n t  e r e c t e d  i n  t h e  C o l le g e  L a b o r a t o r i e s  
o f  t h e  M e c h a n ic a l  E n g in e e r in g  D e p a r tm e n t .
The im p o r ta n c e  o f  B ra k in g  System s can  be w e l l  u n d e rs to o d  
when t h e  p ro b le m  i s  c o n s id e r e d  o f  a r r e s t i n g  as  much as  
5 0 ,0 0 0 ,0 0 0  f t . l b .  o f  e n e rg y  a t  90 m .p . h .  i n  t h e  sp ace  o f  
40 s e c .  (o r  a b o u t  £  m i l e ) . The v a lu e  o f y ^  -  v a r i e s  w id e ly  
w i th  a p e e d ,  d e c r e a s i n g  r a p i d l y  a t  t h e  h i g h e r  sp e e d s  where i t  
i s  m ost n e e d e d .
( l )  P e r c e n ta g e  B ra k in g  a , , r .°^4 o r  a
shoe
v a r i e s  f o r  d r y  o r  wet s u r f a c e  of r a i l ,  and on s u r f a c e  
m a t e r i a l  o f  ro a d  ( c o n c r e t e ,  macadam, a s p h a l t )  and a l s o  on 
t h e s e  b e in g  d r y  o r  w e t .
APPENDIX ( a p p l i c a t i o n  o f  d a t a  t o  ro a d  and r a i l )
(norm al
\ B WWJ. *«.l )
T h is  i s  a p p r o x im a te ly  B rake a p p l i e d  p r e s s u r e  'S/Us &.
E q u iv a l e n t  r a i l  o r  ro ad  f r i c t i o n ^ ^ i ^  x  H a 3?
so t h a t  E g IT o r ^ / ^ g
s l i p p a g e .
t o  p r e v e n t
T h i s /
(0=3i~vddV W3MM S 3^1 V\lj ®0“\
(0 ( 0  t
T h is  w ould  g iv e  f o r  / i - s  a t  60 m .p .h .  a  v a lu e  0 .0 9 6  
f o r  a t  30 m .p .h .  a  v a lu e  0 .1 5  f
and f o r  a t  20 m .p .h .  a  v a l u e  0 .1 7
f o r  o r d i n a r y  s t e e l  r a i l .
(2) B rake  e f f i c i e n c y  t e s t e r s  a s  a p p l i e d  to  m otor c a r s .
In  p l a c e  o f  g i v i n g  a r e l a t i o n  be tw een  th e  c o e f f i c i e n t  
o f  f r i c t i o n  o f  th e  B rake  Shoe and th e  B a i l  o r  Boad C o e f f i c i e n t  
th e  S iem en*s B rake M eter (a )  and th e  F erodo  B rake  E f f i c i e n c y  
I n d i c a t o r  ( a / )  g iv e  a r e l a t i o n s h i p  be tw een  th e  m i le s  p e r  
h o u r  o f  c a r * s  m o tion  and t h e  s to p p in g  d i s t a n c e  in  f e e t .
(a )  i s  s im p ly  a pendulum  in  th e  form  o f  a c a p i l l a r y  t u b e / W 3̂
Tctottubeetdpo n t a i n i n g  a  c o lo u r e d  f l u i d .  The column shows th e
r e t a r d a t i o n  (b) i n  y a r d s  p e r  s e c . p e r  s e c . ,  and w here (S)
r e p r e s e n t s  t h e  b r a k in g  d i s t a n c e  in  y a r d s  and (v) th e  sp e e d  o f
2
th e  v e h i c l e  i n  y a rd s  p e r  s e c .
^2  The b ra k e s  a r e  a p p l i e d  e v e n ly  on a
S = . _  . l e v e l  d ry  ro a d  when m otor i s  moving
2 b a t  say  20 m i l e s  p e r  h o u r .
J e Y L V 'e d  1 / *— 2 . y ' s  a j t d L  i -  &■ -*l
( a / )  In  t h i s  t e s t e r  th e  spped  o f  m otor i s  20 m i le s  p e r  h o u r  
when th e  b r a k e s  a r e  a p p l i e d .  There  a r e  t h r e e  d i a l s ,  20 p e r  c e n t  
f o r  a  s to p  o r  draw up i n  67 f t . ,  30 p e r  c e n t  f o r  s to p  i n  45 f t . ,
and 50 p e r  c e n t  f o r  a  s to p  i n  27 f t .
TEST FIGUBES FBOM A CAB OH MACADAM BOAD. f f ig .2 0 .
Brake 
E f f i c i e n c y  
p e r  c e n t .
V
S
s m ile s  p e r  h o u r  P r a r + i c a l l v  
s to p p in g  d i s t a n c e  in  f e e t  ^
30 lo g V m. .4 0  +  .536  lo g S o r  V* 2 .5 1 S ,5a6 V2 s  9S
40 . 525 "h . 506 logS o r  ? = 3 . 3 1 S '506 = I 2 S  ,
50 «“ .566  + .516  lo g S o r  V s  3 . 6 8 S’ 516 = 14.2S
60 S .593  +  .515 log.S o r V *  3 .0 2 3 * 515 = 18 S
7 0 s .6 6  4- .506  lo g S o r V .  4 .5 7 S - 506 m 21 s
B rake E f f i c i e n c y 30 40 50 60 70 p e r  c e n t
@ 30 m .p .h .
D is ta n c e  t o  draw up 100 75 63 50 43 flee t .
© 25 m .p .h . 70 52 44 35 30 f e e t .
6 7 .
B I B L I 0 G B A P H Y
Drop S tam ping  and E n g in e e r in g .
G a r t s h e r r i e  E n g in e e r in g  C o . ,  1 9 1 9 -1 9 2 0 . Page  &. CO
A utom ob ile  E n g in e e r s  i n  A m erica .
11 T e s t  on B r a k e s ” .
S t a n d a r d i z a t i o n  o f  T e s t  M achine . Page 9.
P r o c e e d i n g s ,  1932.
American S ta n d a r d s  B u re a u ,  1932 . Page 112. . (3 )
V e r g l .  He. K n o b lan ch ,  Z. Bd. 77 (1 9 3 3 )  Hr 1 2 , S 3231.
F e r o d o - G e s e l L s c h a f t , B e r l i n .  E e p o r t  by 
Dr. F l o r i g  and Dr. W iegand, 1 9 3 2 ( J u l y ) .
Wiegand and g f in k i e r ,  A u tom obile  Tech. Bd.
36(1933) Nr 2 , S 83 .
Dr. MeAulay -  E n g in e e r in g ,  Nov. 31926. Page 2d. (4)
Dr. B ank ine  -  P h i l .  Mag. Vo3I i i .  1926 , and (5 )
S c i .  Soc. o f  B .T .C . Vol XV. 1 9 2 8 -2 9 .
C a ld w e l l  -  ”F erodo  B rake  L i n i n g s ”
Boy. Tech. J o u r n a l ,  1930. Page 30
F . J .  F i e l d  -  ”B e t a r d a t i o n  o f  Commercial Motor
V e h i c l e s ” , A p r i l ,  1934. Page 6 6 .
Given to  C om m issioners  o f  T r a n s p o r t ,  E d in b u rg h .
A r t i c l e s  i n  P ro c e e d in g s  o f  th e  Am erican and 
J a p a n e s e  M ech an ica l  E n g in e e r s ,  1924^, 1932,
1934.
B. W aring-Brown -  “F r i c t i o n  C l u t c h e s ” ,
Leeds A s s o c i a t i o n  o f  E n g in e e r s ,  1934.
L a i r d  -  "V isc o u s  E f f e c t s  i n  Dynamometer B e l t s "
Boy. Tech. J o u r n a l ,  1934 . Pfcge 47 . (Y)
(£>)
N .P .L . V a r io u s  r e p o r t s  on F r i c t i o n  M a t e r i a l ,  
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Boundary C o n d i t i o n s  i n  l u b r i c a t e d  e l e m e n t s
L u b r i c a n t s  w i t h  F o rce  F i t s  and P r e s s i n g s
w i th  B e a r in g s
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tt n it B e a r in g  Machine
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ABSTRACT
I n  t h i s  i n v e s t i g a t i o n  t h e  l u b r i c a t i n g  p r o p e r t i e s  o f  
v a r i o u s  o i l s  a t  low ru b b in g  sp e e d s  a r e  c o n s id e r e d .
A c o m p a r iso n  i s  made b e tw een  p u re  v e g e t a b l e ,  m in e r a l  and 
a n im a l  o i l s  when u sed  as  l u b r i c a n t s ,  w i t h  c a s t  i r o n ,  
p h o s p h o r  b r o n z e ,  w h i te  m e t a l ,  m i ld  s t e e l ,  and n ic k e l - c h ro m e  
h e a t  t r e a t e d  s t e e l ,  a s  b e a r i n g  m a t e r i a l s .
Some c o n s i d e r a t i o n  i s  g iv e n  t o  t h e  b l e n d in g  o f  m achine 
o i l ,  l u b r i c a n t s  f o r  u se  i n  f o r g i n g  and d ra w in g ,  and 
t h e  e f f e c t  o f  i n t r o d u c t i o n  o f  m ercu ry  and c h l o r i n e  w i th  
l u b r i c a t i o n  m i x t u r e s .  The f i n i s h  o f  t h e  b e a r in g  
m a t e r i a l  i s  c o n s id e r e d  i n  t h e  r e d u c t i o n  o f  f r i c t i o n  
e f f e c t .  E n d u ran ce  t e s t s  a r e  c a r r i e d : o u t  on v a r io u s  
l u b r i c a n t s  a t  d i f f e r e n t  t e m p e r a t u r e s ,  and t h e  w ear o f  
b e a r i n g  m a t e r i a l s  i s  n o t e d ,  c o n d i t i o n  o f  s u r f a c e s  a r e  
exam ined a f t e r  f a i l u r e  o f  l u b r i c a t i o n ,  o r  r e s t r i c t i o n  
o f  l u b r i c a n t  s u p p ly .  The r e s u l t s  o f  e x p e r im e n ts  
h av e  b een  made u se  o f  in  B e a r in g  d e s ig n .
¥
INTRODUCTION
(a) Some n o t e s  on th e  m e t a l s  u sed  i n  T e s t s .
C a s t  I r o n  and M ild  S t e e l  form  t h e  g r e a t e s t  p o r t i o n  o f  
b e a r i n g  m e t a l s ;  o f  t h e  a l l o y s ,  p h o s p h o r  b r o n z e s  and W hite  
M e ta l  a r e  t h e  c h i e f .  C rank  s h a f t s  a r e  made o f  s p e c i a l  S t e e l  
in  w h ic h  n i c k e l  and chromium a r e  em ployed t o  form  a  s t e e l  
a l l o y .  I n  t h i s  i n v e s t i g a t i o n  t h e  m e t a l s  u sed  a r e  (1) C a s t  
I r o n  on C as t  I r o n ,  on P h o sp h o r  B ro n z e ,  and on W hite  M e ta l ;  
N ic k e l  Chrome S t e e l  on C a s t  I r o n ,  oh B ronze  and on W hite  M e ta l .
The a p p ro x im a te  c h e m ic a l  a n a l y s i s  o f  t h e  m a t e r i a l  u s e d .
c Mu s i S P Hi B y  Pb s a  Cu S t
C a s t  I r o n  3 0 .6  1 .3  0 .05  0 . 2  3
N ic k e l  Chrome 
S t e e l  0 .3 1 0 .6 6  0 .1 5  0 .03  0 .0 3  3 .3  0 .7
P h o sp h o r
B ronze 0 . 4  10 9
oCOlO.
White M e ta l 1 .5  78 7 .5  13
The a p p ro x im a te  p h y s i c a l  p r o p e r t i e s .
l b .  p e r  s q . i n .
T e n s i l e  C om press ive  F a t ig u e  
S t r e s s .  ± l i m i t .
B r i n e l l
H a rd n e s s .
Ba.lL s^/omrtt. E/a.
C ast I r o n 3 . 2  x  104 1 2 .8  x  104 1 . 4  x  104 190
N ic k e l  Chrome S t e e l  
( o i l  h a rd e n e d )
1 2 .7  x  104 4 .4  x  10 290
Bronze 7 x  104 1 .5  x  104 93
W hite M e ta l 2 .3  x  10 29 a t  70°F-. 
12 a t  212°F .
The c a s t  i r o n ,  P h o sp h o r  B ro n z e ,  and W hite M e ta l  d i s c s  w ere  
wound w i t h  an e l e c t r i c - h e a t i n g  e le m e n t ,  and s i x  h a r d n e s s  
r e a d i n g s  a t  t e m p e r a tu r e s  r a n g in g  from room te m p e r a tu r e  56°F . t o
2 5 0 °F . w ere t a k e n .  B r i n e l l  Nos. h av e  b een  p l o t t e d  on a  b a s e  
o f  T e m p e ra tu re .  F i g . l .  On t h i s  d iag ram  tleve cs shown t h e  
a v e ra g e  t e m p e r a tu r e  r a n g e  f o r  a  number o f  b e a r i n g s .  The b e s t  
t e m p e r a t u r e /
MINUTE
t e m p e r a t u r e  i n l e t  a p p e a r s  t o  b e  a p p r o x im a te ly  8 6 °E . g i v i n g  
a  s a f e  r a n g e  o f  1 0 0 ° F .  r i s e  i n  o i l  t e m p e r a t u r e  and t h e r e f o r e  
a p p ro x im a te  b e a r i n g  t e m p e r a t u r e .  W hite  M e ta l  f i n i n g  shows 
a  r e d u c t i o n  i n  B r i n e l l  h a r d n e s s  by 50 p e r  c e n t ,  d u r in g  t h e  
r i s e  o f  1 0 0 °F . T h is  change  i n  B r i n e l l  num ber, ©.long w i t h  
h e a v y  lo a d  w h ich  h a s  g iv e n  r i s e  t o  t h e  t e m p e r a tu r e  c h a n g e ,  
a s s i s t s  t h e  p l a s t i c  f lo w  o f  t h e  W hite  M e ta l .
( b ) Some n o te s  on t h e  L u b r i c a n t s  u sed  i n  T e s t s .
I n  a  p a p e r  a l r e a d y  p u b l i s h e d  J on l u b r i c a t i n g  p r o p e r t i e s  
o f  v a r i o u s  o i l s , d a t a  w i l l  be  found  c o n c e r n in g  some o f  t h e  
l u b r i c a n t s  u se d  i n  t h i s  i n v e s t i g a t i o n .  The f o l lo w in g  
l u b r i c a n t s  a r e  c o n s i d e r e d ,  (1 ) t h r e e  form s o f  m achine o i l s  
a r e  com pared  t o  show how t h e  m ain  f e a t u r e s  c a n  be exam ined 
by  means o f  s im p le  a p p a r a t u s ,  (2) F e a t s f o o t  o i l ,  G ra p h i te d  
S p in d le  o i l  p l u s  1 p e r  c e n t ,  o f  o i l  d a g ,  D i e s e l  o i l ,  and 
Lape o i l ,  (5) T a llo w  ( p u r e ) ,  T a llo w  10 p e r  c e n t  W hite  L ead , 
T a llo w  and C a s to r  o i l .
E n g in e e r s  a r e  accus tom ed  t o  t h e  u se  o f  " S p e c i f i c  G ra v i ty "  
and r e a l i z e  t h a t  a  u n i t  volume o f  o i l  w e ig h s  more a s  t h e
n u m e r ic a l  v a lu e  o f  t h e  s p e c i f i c  g r a v i t y  i n c r e a s e s ,  and
« 60 °F  1 5 i5 °C .
S 60op i s  t h e  r a t i o  a r b i t r a r i l y  c h o se n ,  o r  S 15#50c#
The w e ig h t  o f  one g a l l o n  of o i l  i s  t e n  t im e s  i t s  s p e c i f i c
g r a v i t y  b u t  t h i s  u n i t  h a s  no r e l a t i o n  t o  t h e  l u b r i c a t i n g
q u a l i t y  o f  an o i l .  However, t h e  lo w e r  t h e  s p e c i f i c  g r a v i t y
o f  t h e  o i l  t h e  e a s i e r  w i l l  i t  be  t o  f r e e  t h e  o i l  from  w a te r
by c e n t r i f u g a l  m eans .  The v a lu e s  o f  t h e  s p e c i f i c  g r a v i t y
w ere  o b ta in e d  by d e te r m in in g  t h e  d e n s i t y  o f  t h e  o i l .
50 c . c s  o f  o i l  w ere  c a r e f u l l y  w eighed  a t  60°F .
i . e .  w e ig h t  o f  50 c . c s  o i l  p l u s  w e ig h t  o f  s p e c i f i c
g r a v i t y  b o t t l e  -  6 3 .5 2  gms.
w e ig h t  o f  s p e c i f i c  g r a v i t y  b o t t l e  -  1 6 .8 3  gms.
T h e re f o re  w e ig h t  o f  50 c . c s  o f  o i l  •• 4 6 .6 9  gms
T h e r e f o r e  d e n s i t y  a t  60°F . -  0 .9 3 4  .
and s p e c i f i c  g r a v i t y  -  0 .9 3 4  £ 9 * 4
T h e /
r.
The d e n s i t y  a t  any  o t h e r  t e m p e r a t u r e  was o b ta in e d  from  
t h e  fo rm u la  D -  d -  k t  ...................... ( l )
w here  D -  d e n s i t y  o f  o i l  a t  r e q u i r e d  t e m p e r a tu r e
d a * n M *» 60 °P .
t  •  number o f  d e g r e e s  above 60 °P .
k  s  a  c o n s t a n t  -  #00035 f c r  m ost l u b r i c a t i n g
o i l s .
I f  t h e  s p e c i f i c  g r a v i t y  was r e q u i r e d  t o  v e r y  g r e a t  
a c c u r a c y  a  c o r r e c t i o n  f o r  t h e  buoyancy  w ould r e q u i r e  t o  be  
m ade. T h is  i s  n o t  r e q u i r e d  i n  s im p le  l u b r i c a t i o n  p ro b le m s ,  
b u t  a  c u rv e  o f  c o r r e c t i o n  f o r  t e m p e r a tu r e  r i s e ,  w h ich  i s  t o  
be added  when t h e  t e m p e r a tu r e  i s  above 60 °P . and s u b s t i t u t e d  
when th e  t e m p e r a tu r e  i s  b e low  60 °P . i s  g iv e n ,  P i g . 2 . ,  f o r  
v a r i o u s  s p e c i f i c  g r a v i t y  o i l s .
In  t h i s  i n v e s t i g a t i o n  t h e  v i s c o s i t y  o f  t h e  o i l s  u n d er  
t e s t  was o b ta in e d  by u se  o f  a  S ta n d a rd  Bedwood V is c o m e te r  
50 m 1 and c o n v e r t e d  i n t o  C .G .S .  u n i t s  (P o is e s )  by  t h e  fo rm u la  
g iv e n  by  H i g g i n s .
J  .  £> (0 .0 0 2 6  T -  ) p o i s e s  ..................... (2)
w here A  a  a b s o l u t e  v i s c o s i t y  i n  C .G .S .  u n i t e  ( p o is e s )
T.i -  Ho. o f  s e co n d s  f o r  o u t f lo w  o f  5 c . c s .
m D & m ity  o f  o i l  at- t e m p e r a tu r e  o f  t e s t .
Hence from  ( l )  and (2 ) t h e  v a lu e s  o f  a b s o lu t e  v i s c o s i t y  
a r e  o b ta in e d .
Temp. Redwood Times D e n s i ty  f ro m  1 V iseow itjtf from  2 Rape O i l
°P . Seconds D ( p o is e s ) U n i ts
6 0 .5 3855 0 .9 3 4 9 .3 4 725
90 900 0 .9 2 5 2 .1 6 193
120 320 0 .9 1 3 0 .755; 59
150 158 0 • 902 0 .3 6 3 30
180 75 0 .8 9 2 0 .1 7 0 17
P o r  t h e  p u rp o se o f  co m p ariso n  a column showing *'r a p e  o i l
u n i t s * h a s  b e e n  added t o  t h e  t a b l e .
T r  s p . g r . o f  o i l  a t  t ° P . x  IOCV4. j. » 3 535 s p . g r . o f  r e f i n e d  r a p e o i l  a t  60 °P
T . x  S t °P x 100  T. x S t ° F .
535 x  0 .9 1 5 4 .8 9 6
535 and 0 .9 1 5  a r e ,  r e s p e c t i v e l y ,  t h e  Redwood H o . l .  t im e  o f  f lo w  
and s p e c i f i c  g r a v i t y  o f  r e f i n e d  r a p e  o i l  a t  60°P .
D u r in g /

D u rin g  t h i s  i n v e s t i g a t i o n  r e f e r e n c e  was made t o  
v i s c o s i t i e s  g iv e n  on t h e  S a y b o l t  and t h e  E n g le r  v i s c o m e t e r ,  
and a  b l e n d i n g  c h a r t  i s  g iv e n  i n  P i g . 3 .  w h ich  shows t h e  t h r e e  
v i s c o s i t y  s c a l e s  i n  g e n e r a l  u s e .  The a b s o l u t e  c e n t i p o i s e s  
(a ssu m in g  S p .G r a v i t y  0 .9 )  a r e  a l s o  shown. The b l e n d i n g  
c h a r t s  h av e  b e e n  found  n e c e s s a r y  when an  o i l  i s  t o  b e  made t o  
s p e c i f i c a t i o n  drawn up from  d e t a i l e d  e x a m in a t io n  o f  l u b r i c a t i o n  
r e q u i r e m e n t s .
(c) Some n o t e s  on t h e  s u r f a c e  f i n i s h  o f  t h e  B e a r in g  M e t a l . -  
The g u n -m e ta l  b u s h  was m ach ined  w i t h  sm ooth f i n i s h  and t e s t
s c r a p e d  and s e c o n d  t e s t  c a r r i e d  o u t .  An e x p a n d in g  m a n d r i l  
f i n i s h  was t h e n  p u t  on m e ta l  and a d ju s tm e n t  f o r  c l e a r a n c e  made; 
t h e  c l e a r a n c e  was k e p t  a s  n e a r  1 /1 0 0 0  a s  p o s s i b l e  and a  t e s t  
c a r r i e d  o u t .  The m ach ine  was t h e n  ru n  f o r  s e v e r a l  h o u rs  as  a  
" ru n n in g  in "  p r o c e s s  b e f o r e  t h e  f i n a l  t e s t .
Much t h e  same p ro c e d u re  was gone th ro u g h  i n  o b t a i n i n g  t h e  
d i f f e r e n t  f i n i s h e s  on t h e  P h o sp h o r  B ronze  and W h ite -M e ta l  p l a t e s  
u sed  i n  t h e  D e e le y  O i l  T e s t i n g  M ach ine .
A w h i t e - m e ta l  b e a r i n g  b u sh  was made by f i x i n g  t h e  plummer 
b l o c k  on the  s h a f t  and c a s t i n g  th e  b u sh  i n t o  th e  b l o c k .  As 
a  f i n i s h  t h e  b e a r i n g  m achine  s h a f t  was made t o  r o t a t e  s lo w ly  
j u s t  b e f o r e  t h e  w h i t e - m e ta l  had  c o o l e d .  The b u sh  was th e n  
removed and c u t  ou t t o  s u i t  t h e  o i l  r i n g s  s i m i l a r  t o  t h e  
g u n -m e ta l  b u s h ,  P i g . 4 ( a ) ,  a s  f a r  as  p o s s i b l e  t h e  same a r e a  was 
x p a in ta in e d .  A s k e tc h  o f  l i n e s  o f  o i l  f lo w  i s  shown P i g . 4 ( b ) .  
The w h i t e - m e ta l  i s  th e n  g iv e n  a  rub  w i t h  a  w i r e  b r u s h  t o  c l e a r  
o f f  s c a l e  a f t e r  w hich  a  t e s t  was c a r r i e d  o u t .  T h is  was 
A m erican p r a c t i c e  w i th  lo n g  b e a r i n g s  o f  s m a l l  d i a m e te r ;  f o r  
exam ple ,  t h e  m ain  s p in d l e  o f  P i c k e r i n g  g o v e r n o r s .  A t e s t  
was c a r r i e d  ou t w i th  t h e  m e ta l  a s  d e s c r i b e d  and th e n  a  second  
t e s t  a f t e r  e i g h t  h o u rs  ru n n in g  i n .  A s e c t i o n  was t a k e n  o f f  
t h e  m a t e r i a l  from a  v e ry  sm ooth p o r t i o n  o f  t h e  b u sh  and a  
seco n d  a t  a  p a r t  w here e v i d e n t l y  s e i z u r e  had  t a k e n  p l a c e ,
F i g s .  5 (a )  and 5 ( b ) .
made M achine . The b e a r i n g  s u r f a c e  was t h e n  h a n d -
T h e /
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The h u s h  was a d j u s t e d  and a  sm ooth  c u t  was t a k e n  i n  
L a th e ;  a  f u r t h e r  t e s t  was t h e n  r u n ,  I*or c o m p a r iso n  a  
s p r i n g - t o o l  was u s e d  i n  t u r n i n g  ou t t h e  b o r e ,  t h i s  to o k  o f f  
t h e  s p i r a l  f i n i s h  o f  t h e  more p o i n t e d  t u r n i n g  t o o l ,  and i y i i V
were.
f r i c t i o n  r e s u l t s  / o b t a i n e d .  Next a  g r i n d e r  s u r f a c e  f i n i s h  
was t r i e d ,  and t h e n  t h e  same f o l lo w e d  b y  a  r o l l e r  t o o l .
The l a s t  s u r f a c e  was t h a t  o b ta in e d  from  l a t h e  s p r i n g  s c r a p e r  
f o l lo w e d  by  r o l l e r  t o o l .  The l a t t e r  t o o l  h ad  t h e  e f f e c t  o f  
h a r d e n in g  t h e  w h i t e  m e ta l  g i v i n g  a  B r i n e l l  h a r d n e s s  o f  31 i n  
p l a c e  o f  29 a t  VO0! 1.
B oundary  C o n d i t i o n s i n  L u b r i c a t e d  E le m e n ts .
W ith  t h e s e  rem ark s  on t h e  v a r i o u s  l u b r i c a n t s ,  b e a r i n g  
m e t a l s ,  and f i n i s h  o f  s u r f a c e ,  i t  is nowfrrof’osed-1* d e m o n s t r a te ' ,  
t h a t  m in e r a l  o i l s  have  a  s m a l l e r  s u r f a c e  t e n s i o n  t h a n  w a t e r ,  
and f a t t y  o i l s  h av e  a  s t i l l  lo w e r  v a lu e  t h a n  m i n e r a l  o i l s .  
B oundary  f r i c t i o n  i s  shown t o  b e  a f u n c t i o n  o f  t h e  c h e m ic a l  
c o n s t i t u t i o n  o f  t h e  l u b r i c a n t ,  and t h e  n a t u r e  o f  t h e  s o l i d  
s u r f a c e s ,  s i n c e  t h e s e  p r o p e r t i e s  a f f e c t  t h e  a t t r a c t i o n  b e tw e e n  
b o t h .
Bachmann and B re v e r  d e m o n s t r a te d  t h a t  t h e  h i g h e r  t h e  
l u b r i c a t i n g  pow er o f  an  o i l ,  t h e  h i g h e r  i s  t h e  h e a t  o f  w e t t i n g  
a g a i n s t  f i n e l y  d iv id e d  c o p p e r .  T a k in g  100 grams o f  c o p p e r ,  
t h e  h e a t s  o f  w e t t i n g  w ere :
C a s to r
o i l
L in s e e d
o i l P e t ro le u m  P e t ro le u m  1%A cid  '
C a l o r i e s  1 2 .1 1 3 .8 3 .8 5 .7  2 1 .3
The e f f i c i e n c y  o f  t h e  a d d i t i o n  o f  s m a l l  q u a n t i t i e s  o f  ftfbp  
o rg a n ic  a c i d s  i n  lo w e r in g  t h e  s u r f a c e  t e n s i o n  o f  p e t r o le u m  
l u b r i c a n t s ,  and th u s  e n h a n c in g  t h e i r  " o i l i n e s s 1* p r o p e r t i e s ,  i s  
c l e a r l y  d e m o n s t r a te d .  F o r  b o u n d a ry  c o n d i t i o n s  a  good l u b r i c a n t  
i s  one w hich  i s  s t r o n g l y  a t t r a c t e d  b y  t h e  s o l i d  w h ereas  a  p o o r  
l u b r i c a n t  i s  one w hich  i s  a t t r a c t e d  l e s s  s t r o n g l y ,  ( r e f e r e n c e  
t o  p a p e r  on L u b r i c a t i n g  P r o p e r t i e s  o f  O i l s  ) .
V
2
A p a p e r  on "The E l a s t i c  Range o f  F r i c t i o n 11 b y  J . S .  R a n k in  
and an a r t i c l e  on "The E f f e c t s  o f  G a s e s ,  V ap o u rs  and L iq u id s  
on t h e  L i m i t i n g  F r i c t i o n  b e tw e e n  S o l i d  S u r f a c e s "  b y  J .M . 
M acA ulay3 show c l e a r l y  t h e  e f f e c t  o f  e x c e s s i v e  p r e s s u r e  and 
t h e  f a i l u r e  o f  l u b r i c a t i o n  i n  f r i c t i o n  when b o u n d a ry  c o n d i t i o n s  
p r e v a i l .
L u b r i c a n t s  w i t h  F o rc e  F i t s .-. T h a t V i s c o s i t y  v a r i e s  w i t h  
p r e s s u r e  can  be  c l e a r l y  s e e n  b y  e x a m in a t io n  o f  t e s t  f i g u r e s  
o b ta in e d  i n  l u b r i c a t i o n  o f  p lu g s  u se d  f o r  " F o rc e  F i t  
E x p e r im e n ts "  a l s o  "©ontacfc F ilm  R e s i s t a n c e  i n  R a i l  Wheel F o rc e  
F i t s " .  I n  F i g .  6 ( a ) ,  w i t h  a  M in e ra l  O i l ,  t h e  p u s h  o f f  f o r c e  
n e v e r  r e a c h e s  t h e  p u sh  on p r e s s u r e ,  show ing t h a t  t h e  f i l m  h a s  
n o t  b ro k e n  down, w h ereas  i n  F i g . 6 (b) t h e  t a l l o w  and  w h i t e  l e a d  
c u r v e s  show a  f a i l u r e  o f  t h e  f i l m  and a  push  o f f  p r e s s u r e  
g r e a t e r  t h a n  t h e  p u sh  on p r e s s u r e .  The v i s c o s i t y  o f  t h e  
m i n e r a l  o i l  h a s  i n c r e a s e d  n e a r l y  t e n  t im e s  u n d e r  r a d i a l  p r e s s u r e  
a t  t h e  same, t im e  t h e  V i s c o s i t y  o f  t h e  t a l l o w  h a s  i n c r e a s e d  
f o u r  t i m e s .  T h e re  i s  a  c o ld -w o rk in g  c o n d i t i o n  o f  t h e  m a t e r i a l  
u n d e r  t e s t .  T h is  h a s  b een  c l e a r l y  e s t a b l i s h e d  by  D r .  R u s s e l l ,  
b u t  t h i s  i n v e s t i g a t o r  h a s  f a i l e d  t o  p o i n t  ou t t h e  e f f e c t  o f  
t h e  d i f f e r e n t  f i l m  s t r e n g t h  o f  t h e  v a r i o u s  l u b r i c a n t s  u s e d .  
T a llo w  h a s  an a p p ro x im a te  f i l m  s t r e n g t h  o f  4 0 ,0 0 0  l b .  ahd a  
f r i c t i o n  c o e f f i c i e n t  o f  0 .0 0 5 .  C a s t o r  o i l  h a s  a  f i l m  s t r e n g t h  
o f  60 ,000  l b .  and a  f r i c t i o n  c o e f f i c i e n t  o f  0 . 0 5 ,  and i t s  
w e t t i n g  v a lu e  i s  n o t  n e a r l y  a s  good a s  t a l l o w .
F i g s .  7 t o  9 show c o m p a r iso n s  b e tw e e n  v e g e t a b l e  and 
a n im a l  o i l s .  The f a t t y  a c i d  added t o  t h e  p u re  r a p e  d o es  n o t  
show a  g r e a t  im provem ent. These a r e  compared i n  8 (a) and 
8 ( b ) .  When s e l e c t i n g  a  l u b r i c a n t  t o  be  u sed  f o r  p r e s s  on o r  
f o r c e  f i t s  t h e  a u th o r  would recommend t h a t  t h e  l u b r i c a n t s  b e  a  
m ix tu r e  o f  t h e  l u b r i c a n t s  w h ich  w i l l  com bine f i l m  s t r e n g t h  
( i . e .  c a s t o r  o i l )  and t h e  h i g h e r  w e t t i n g  p r o p e r t i e s ,  and lo w e r  
c o e f f i c i e n t  o f  f r i c t i o n  ( i . e .  T a l lo w ) .
L u b r i c a n t s  w i th  P r e s s i n g s . -  I f  a  c o r r o s i v e  s u b s ta n c e  added t o  
t h e  l u b r i c a n t  would n o t  b e  d e t r i m e n t a l ,  them  t h e  i n t r o d u c t i o n  
o f  a  v o l a t i l e  s u b s t a n c e ,  su c h  as  c a r b o n  t e t r a c h l o r i d e ,  h a s  b e e n
"TKu.ow w i t h
Lu,ow
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fo u n d  t o  so  f o r t i f y  t h e  f i l m  s t r e n g t h  a s  t o  make i t  a lm o s t  
i n d e s t r u c t i b l e .  The a p p l i c a t i o n  o f  su c h  a  compounded 
l u b r i c a n t ,  c a s t o r  o i l ,  t a l l o w ,  and c a r b o n  t e t r a c h l o r i d e ,  t o  
t h e  s u r f a c e  o f  a  s h e e t  s t e e l  p l a t e  p r e s s i n g  h a s  re d u c e d  t h e  
pow er r e q u i r e d  by  n e a r l y  50 p e r  c e n t , and t h e  w i th d ra w a l  o f  
t h e  p r e s s  t o o l  from t h e  p r e s s i n g  and t h e  p r e s s i n g  from  t h e  
d i e  was v e r y  much s i m p l i f i e d .  A dvan tage  o f  t h e  l u b r i c a t i n g  
p r o p e r t i e s  h a v e  b e e n  t a k e n  t o  make m a t e r i a l  f lo w  i n t o  a  
d i f f i c u l t  d i e  f o r m a t io n ,  and a t  some p a r t s  o f  t h e  m e ta l  s h e e t  
t o  be  p r e s s e d  no l u b r i c a t i o n  has b e e n  a p p l i e d ,  and t h e  m e ta l  
h a s  b e e n  found  t o  h o ld  w i t h  l i t t l e  o r  no m ovement.
The a u th o r  h ad  t h e  o p p o r t u n i t y  o f  c a r r y i n g  o u t  many e x p e r im e n ts  
i n  t h e  G a r t s h e r r i e  E n g in e e r in g  Company and W e ld le s s  C h a in  w orks 
a t  C o a tb r id g e  w i t h  p r e s s i n g  and s t r i p p i n g  t o o l s .
The d i e s  w ere  found  t o  l a s t  lo n g e r  i f  a  l u b r i c a n t  o f  h ig h  f i l m  
s t r e n g t h ,  low  c o e f f i c i e n t  o f  f r i c t i o n ,  and good w e t t i n g  
p r o p e r t i e s ,  was u s e d .
L u b r i c a n t s  w i t h  B e a r i n g s . -  W hile  c o n s i d e r i n g  t h e  e f f e c t  o f
b o u n d a ry  l u b r i c a t i o n  and s e m i - l u b r i c a t i o n ,  t e s t s  w ere  c a r r i e d  
ou t on l u b r i c a t i n g  o i l  drawn from t h e  c ra n k  c a s e  o f  a  m o to r  c a r  
a f t e r  d i f f e r e n t  p e r i o d s  o f  u s e .  The o i l  was a l lo w e d  t o  s t a n d  
i n  a  t e s t - t u b e  u n t i l  a l l  s e d im en t had  s e p a r a t e d ,  and th e n  t h e  
u s u a l  t e s t s  w ere  c a r r i e d  ou t on t h e  D e e le y  and B o u l t  t e s t i n g  
m a c h in e s .  V ery  l i t t l e  d i f f e r e n c e ,  i f  an y ,  cO uld  b e  d e t e c t e d  
b e tw een  t h e  new ahd t h e  o ld  o i l .  I n  some c a s e s  t h e  o ld  o i l  
ap p e a re d  t o  p o s s e s s  l u b r i c a t i n g  q u a l i t i e s  s u p e r i o r  t o  t h e  new 
o i l .  I t  was fo u n d ,  how ever,  t h a t  t h e  p egs  on t h e  L e e le y  
m achine  and t h e  s t e e l  p l a t e  had  t h e i r  s u r f a c e s  d e s t r o y e d  when 
l e f t  i n  t h e  o i l  u n d e r  h eav y  p r e s s u r e > A ls o ,  t h a t  i n  s t a r t i n g  
up and s to p p in g  t h e  B o u l t  m achine b e a r i n g  s u r f a c e s  w ere  b e in g  
d e s t r o y e d  by  th e  c r a n k - c a s e  o i l .
A chem ical te s t  was a p p lie d  to  th e  old  and th e  new o i l s ,  
and i t  was found th a t  an a p p re c ia b le  amount o f s u lp h u ric  a c id  
had been added to  th e  lu b r ic a t in g  o i l  in  the  c ra n k -c a s e .
T h e /
/ /
The HgSO^ had  n o t  d i s s o l v e d  i n  t h e  o i l  b u t  was h e ld  i n  
s u s p e n s i o n ,  and c o u ld  b e  s e p a r a t e d  by  a  c e n t r i f u g a l  s e p a r a t o r .  
The a g e in g  t e s t  on t h e  D e e le y  showed s ig n s  o f  t h e  c o r r o s i v e  
e f f e c t  o f  t h e  a c i d .  The o i l  f i l m  had  b e e n  b ro k e n  by  t h e  
a p p l i c a t i o n  o f  h e a v y  lo a d s  and w here t h i s  had  t a k e n  p l a c e  t h e  
a c i d  coming i n  d i r e c t  c o n t a c t  w i t h  t h e  m e ta l  a t t a c k e d  i t  w i t h  
v i g o u r .
On b e a r i n g s  Fe - f  ^ 0 ^ 4  4
and i s  f o l lo w e d  by  a  s e c o n d a ry  r e a c t i o n
P e S °4  +  ffa  —  F e S 4- H20
The B e a r in g  M achine w h ich  was d e s ig n e d  i n  t h e  B o y a l 
T e c h n ic a l  C o l le g e  i s  f i t t e d  w i t h  a  d o u b le  r i n g  o i l e r  b e a r i n g  
2 i  i n .  d i a m e te r  and 5 i n .  l o n g .  By i n d e n t i n g  i n t o  t h e  to p  
b e a r i n g  b u sh  p i e c e s  o f  m a t e r i a l  t o  be t e s t e d ,  t h e  q u e s t i o n  o f  
f r i c t i o n  w i th  s e m i - l u b r i c a t i o n  and t h e  w ear  o f  m a t e r i a l  u n d e r  
d i f f e r e n t  c o n d i t i o n s  c a n  be  c o n s i d e r e d .  The r i n g s  may b o th  
be  removed o r  one may b e  a l lo w e d  t o  c a r r y  o i l  t o  t h e  s h a f t ,  
t h u s  s u p p ly in g  o i l  t o  t h e  f r i c t i o n  pad  p i e c e  u n d e r  t e s t .
I n  t h i s  way an  a b u n d a n t ,  a  r e s t r i c t e d  s u p p ly ,  o r  no o i l  
s u p p ly  ca n  be  o b t a i n e d .  The ru b b in g  s p e e d ,  V, and t h e  
p r e s s u r e ,  p ,  p e r  u n i t  a r e a  o f  ru b b in g  s u r f a c e ,  was a l t e r e d  
th ro u g h o u t  t h e  t e s t s ,  a l s o  t h e  te m p e r a tu re s  ra n g e  from  66  t o  
2 0 0 ° F .  and m s  k e p t  c o n s t a n t  a t  sl p r e d e te rm in e d  c o n d i t i o n .
The c r i t i c a l  c o n d i t i o n  i s  ireacLed V / y ^ p '^ g r e a t e r  th a n  -So
tlyiits
in  l b . f t . m i n / a s  t h e  c o e f f i c i e n t  o f  f r i c t i o n  r a p i d l y  i n c r e a s e s .
When 30 l b . f t . m i n .  u n i t  h a s  b e e n  exc@@?3§d t h e  * s e m i - f l u i d 1 p h a se
i s  a t t a i n e d .  A lth o u g h  t h e  f r i c t i o n  i s  l e s s  when V / /p  3o 
u n its
tw l b . f t . m i n . 1, i t  would a p p e a r  t h a t  t h e  ch an ce  o f  s e i z u r e  i s  
g r e a t e r  and t h e  w ear i s  a l s o  more r a p i d .  In  t h e  s e m i - f l u i d  
c o n d i t i o n  t h e  c o e f f i c i e n t  i s  in d e p e n d e n t  o f  v i s c o s i t y .
T e s t s  and T e s t  R e s u l t s :  D ee ley  M ach in e .
S e r i e s  !■»- N ickel-C hrom e S t e e l  on W hite  M e ta l .
To f in d  t h e  e f f e c t  o f  m achine  f i n i s h  o r  sm oothness  o f  s u r f a c e s  
on S t a t i c  F r i c t i o n .
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The O i l  i n  u s e  i s  G a s t r o l  XL. and t h e  o n ly  a l t e r a t i o n  
made t o  t h e  S ta n d a r d  D e e le y  m ach ine  was t h e  a d d i t i o n  o f  a  
h e a t i n g  c o i l ,  so  t h a t  t h e  t e m p e r a t u r e  o f  t h e  o i l  m ig h t  be  
v a r i e d  o r  m a i n t a i n e d .  The p r o p e r t i e s  o f  t h e  n ic k e l - c h ro m e  
s t e e l  and t h e  w h i t e  m e ta l  h a v e  a l r e a d y  b e e n  g iv e n ,
The s t e e l  p e g s  have  b e e n  f i n i s h e d  c a r e f u l l y ,  and la p p e d  
t o  g iv e  a  sm ooth s u r f a c e  w h ich  i s  p e r f e c t l y  f l a t  t o  b e a r  
a g a i n s t  a  w h i t e - m e ta l  s u r f a c e .
The w h i t e  m e ta l  s u r f a c e  i s  f i n i s h e d  i n  t h e  f o l l o w in g  
m a n n e r : -
(1) S u r f a c e  f i n i s h  -  f i n e  o r  smooth t u r n e d .
(2 ) M ” a f t e r  smooth t u r n i n g ,  s c r a p e d .
(5 ) " ” a f t e r  t u r n i n g  and s c r a p i n g ,  t h e  w h i te
m e ta l  i s  b u r n i s h e d  w h ich  c a u se d  
f lo w in g  and &as a  h a r d e n in g  e f f e c t .
(4} ” ” -  same as  (5) b u t  w i t h  second  b u r n i s h i n g .
(5) TesU m a t e r i a l s  ru b b ed  a g a i n s t  e a c h  o t h e r  u n d e r  l i g h t
p r e s s u r e .  The e f f e c t  p ro d u ced  i s  s i m i l a r  t o  " ru n n in g -  
i n ” o f  a  j o u r n a l  b e a r i n g .
( 6 ) I s  t h e  same as  (5) b u t  w i th  l o n g e r  p e r i o d  o f  r u n n i n g - i n .
(7) I s  t h e  same a s  (5) and ( 6 ) b u t  w i t h  s p e c i a l  f i n i s h .
The e f f e c t  o f  th e  f i n i s h  i s  c l e a r l y  shown i n  t a b l e  of
r e s u l t s ,  by  t h e  g r a d u a l  lo w e r in g  o f  t h e  s t a t i c  v a lu e  o f  t h e
c o e f f i c i e n t ^  . The a v e ra g e  v a lu e  o f / c  becomes q u i t e  s te a d y
a f t e r  (8 ) .  show ing t h e  v a lu e  o f  r u n n i n g - i n .
(See T a b le  o f  R e s u l t s  on s e p a r a t e  s h e e t )
S e r i e s  I I . -  N ic k e l  Chrome S t e e l  on P h o sp h o r  B ro n z e .
In  t h i s  c a s e  t h e  r e s u l t a n t  ch an g es  a r e  n o t  q u i t e  so  m ark ed .  
The f i r s t  t u r n i n g  f i n i s h  i s  much b e t t e r  t h a n  t h a t  o f  t h e  w h i t e -  
m e t a l .  The t u r n i n g  t o o l  d o es  n o t  c a u s e  so  much c h a t t e r i n g  o r  
k n u r l i n g  on t h e  s u r f a c e  o f  t h e  h a r d e r  p h o sp h o r  b ro n z e  p l a t e .
The h a r d e r  m a t e r i a l ,  B r i n e l l  No. 93 , 10 mm. b a l l  and 1000 Kg, 
c o r r e s p o n d in g  t o  R ochw ell R^ 50* Yq b a l l  and 100 Kg. t a k e s  
on a  much b e t t e r  f i n i s h  w i th  a p p a r e n t l y  l e s s  c a r e  t h a n  t h e  
w h i t e - m e t a l , w h ich  when t e s t e d  f o r  h a r d n e s s  on t h e  R ockw ell 
m a c h in e /
4
m ach in e  s p e c i a l l y  e q u ip p e d  w i t h  an  £  i n .  d i a m e t e r  h a l l  and a  
p r e s s u r e  o f  60 Kg. T h is  s p e c i a l  eq u ipm en t a toe&sui& o f  t h e
h a r d n e s s  o f  f a b r i c  and s o f t  m a t e r i a l  VX'en. r e a d  on t h e  Rfc s c a l e ,  
and c o r re s p o n d e d  i n  t h e  c a s e  o f  w h i t e  m e ta l  50 , t o  B r i n e l l
N o .29 , 22-g- mm. h a l l  and 500 Kg.
A n o te  on t h e  v a r i o u s  m ethods  o f  t e s t i n g  f o r  h a r d n e s s ,
ho^
and on t h e  c o n n e c t io n  b e tw e e n  t h e  h a r d n e s s  num bers h a s /b e e n
dLea.lt y r i tL  in .  t h i s  i n v e s t i g a t i o n .  T h is  s u b j e c t  i s
w o r th y  o f  a  th o ro u g h  i n v e s t i g a t i o n .  The h a r d n e s s  number h a s  
b e e n  made u se  o f  i n  t h e  s e l e c t i n g  o f  t h e  b e s t  sp e e d s  and f e e d s  
f o r  m a c h in in g .
T a b le  s h o w i n g ^ —v a lu e  f o r  d i f f e r e n t  f i n i s h e s .
N ic k e l-c h ro m e  s t e e l  on P h o sp h o r  B ro n z e .
F i r s t  F i n i s h  -  M ach ined ; Second F i n i s h  -  M achined  and 
s c r a p e d ;  T h i r d  F i n i s h  -  M ach ined , s c ra p e d  and r u n - i n .
Load on F i r s t  F i n i s h  Second F i n i s h  T h i r d  F i n i s h
B e a r in g  E f f o r t  -  E f f o r t  -  E f f o r t  -
M a t e r i a l
10 9 .5 o r ' : “1 * 9 .5 8 .7 5 o r 'T l a 8 .7 5 8 .5 o rv - 1 a 8 .5 0
20 1 8 .2 5 ii 2 s 9 .1 2 1 8 .1 " 2 (Hi 9 .0 5 1 7 .5 ii 2 m 8 .7 5
30 2 7 .3 n 3 2 9 .1 0 2 6 .7 ■ 3 mmmm 8 .9 0 2 6 .0 n 3 5 8 . 6 6
40 3 5 .6 n 4 - 8 .9 0 3 5 .1 n 4 2 8 .7 7 3 4 .9 n 4 8 .7 2
50 4 3 .2 5 it 5 = 9 .6 5 4 3 .0 it g mm4m 8 .6 0 4 2 .5 n 5 8 .5 0
60 5 1 .80 ii 6 ••1at 8 .6 5 5 1 .5 " 6 M l 8 .5 9 5 1 .0 n 6 - 8 .5 0
70 6 1 .7 5 n 7 mm 8 .8 2 6 0 .0 ti 7 Mt 8 .5 5 6 0 .0 ii 7 •» 8 .5 7
80 7 0 .2 5 0 8 - 1 0 .0 3 7 0 .0 If Q s 8 .7 5 7 0 .0 H 8 8 .7 5
90 8 2 .2 5 n 9 - 9 .1 4 8 0 .1 ■ 9 - 8 .9 0 8 0 .0 II 9 .. 8 .9 0
100 9 4 .0 N10 9 .4 0 9 0 .0 « io a 9 .0 0 8 8 . 0 H10 a 8 .8 0
One p o i n t  w h ich  i s  c l e a r l y  b ro u g h t  ou t i n  t h i s  t e s t  i s  
t h e  g r e a t  a d v a n ta g e  o f  r u n n i n g - i n  b e a r i n g s  a t  l i g h t  l o a d s .
There  was a  te n d e n c y  f o r  t h e  b e a r i n g  s u r f a c e s  t o  s e i z e  a t  h eav y  
l o a d ,  i f  t h e  s u r f a c e s  w ere  n o t  p e r f e c t l y  sm ooth , even  a l t h o u g h  
t h e  p r e c a u t i o n  o f  i n s e r t i n g  a  f i l m  o f  o i l  had  b e e n  t a k e n .
Example (a) -  W h ite -m e ta l  t u r n e d  (o n ly )  and g a t i n g  w i t h  
smooth f i n i s h e d  N ickel-C hrom e s t e e l  a t  t h e  b e a r i n g  p r e s s u r e  o f  
100  l b .  p e r  s q . i n .  gave a  r e a d in g  170 on t h e  D e e le y  m a c h in e ,
o r  a  s t a t i c  c o e f f i c i e n t  o f  — 1.70 x  10  _ 17 ^ ao*
100  x  4 3 .5 8  * 43#58  = 0 * ^ 8 7 .
A f t e r /
A f t e r  p e r f e c t l y  sm ooth  s u r f a c e s  w ere  o b ta in e d  w i t h  
p o l i s h i n g  t h e  r u b b i n g - i n  p r o c e s s  a p p l i e d  fo l lo w e d  b y  t h e  
c l e a n i n g  p r o c e s s  r e f e r r e d  t o  i n  some o f  t h e  p r e v i o u s  p a p e r s  
i n  t h e  u se  o f  t h e  D e e le y  m a c h in e .  The v a lu e  o fy ^ -  becomes 
9 . 3
■-4 3 7 5 s— s 0 .2 1 5  w h ich  i s  a  d e c r e a s e  i n  t h e  s t a t i c  
f r i c t i o n  v a lu e  o f  4 5 ^ .
Example (b) -  P h o sp h o r  B ro n ze  (Turned  sm o o th ly  n o t  p o l i s h e d )
a t  h i g h  lo a d  w i t h  n ic k e l - c h ro m e  s t e e l ,  p r e s s u r e  100  l b  . p e r  
s q . i n .  gave
s — 3-9---------- -  0 .2 6  f o r  t h e  v a lu e  o f  s t a t i c
10 x  4 3 .5 8  
f r i c t i o n ,  w h ich  changed  t o
s  = 0 . 2 2  a  lo w e r in g  o f  t h e  s t a t i c
^  10 x  4 3 .5 8
f r i c t i o n  c o e f f i c i e n t  v a lu e  b y  2 2 .3 ^  b y  l a p p i n g  and p o l i s h i n g  
t h e  s u r f a c e s  o f  t h e  b e a r i n g  m a t e r i a l s .
S e r i e s  I I I .  -  C a s to r  O i l  b e in g  t h e  l u b r i c a n t  and b e a r i n g  
s u r f a c e s  U ickel-C hrom e S t e e l  on C a s t  I r o n .
T a b le  o f A —v a lu e s  f o r  d i f f e r e n t  f i n i s h e s
Load on Smooth
R u n - in  on liadrtr
B e a r in g Smooth Turned T urned lo a d m e ta l  on
M a te r i a l and s c ra p e d and p o l i s h e d m e ta l l u b r i c a n t s
10 6 .5 1 s 6 .5 6 1 s 6 5 .7 1 a 5 .7
20 1 2 .7 5 2 s 6 .37 1 1 .4 2 a 5 .7 1 1 . 6 2 a 5 .8
30 1 9 .2 0 3 6 .4 1 7 .3 5 3 = 5 .7 8 1 7 .2 5 3 = 5 .7 5
40 2 5 .8 4 —6 .4 5 23 4 a 5 .7 5 2 2 . 6 4 = 5 .6 5
50 3 1 .5 5 ■ 6 .3 2 8 .8 5 » 6^76 2 8 .7 5 5 « 5 .7 5
60 3 8 .0 6 a 6 .3 5 3 4 .2 6 - 5 .7 3 4 .5 6 « 5 .7 5
70 4 4 .0 7 S 6 .3 4 0 .1 7 s 5 .7 3 4 0 .2 5 7 = 5 .7 5
80 50 8 ■ 6 .25 4 5 .6 8 • 5 .7 4 5 .2 5 8 ■ 5 .6 6
90 5 5 .8 9 s 6 . 2 5 1 .25 9 a 5 .7 5 0 .8 9 a 5 .6 4
100 6 0 .2 10 s 6 . 0 2 5 6 .7 10 = 5 .6 7 5 5 .5 10 a 5 .5 5
S t a t i c
F r i c t i o n / L  a C1.145 0 .1 3 2 a 0 .1 3 1
Example (c) -  C a s t  I r o n  (smooth t u r n e d  and s c r a p e d  n o t
p o l i s h e d )
a t  h i g h  lo a d  w i t h  ITickel-Chrome S t e e l  a t  a  p r e s s u r e  100 l b  . p e r
6 0 .2  x  10  6 0 .2  .  
s q . m  gave  ^  s  10  x  4 3 .5 8  8 4 3 .5 8  -  ° ' 138
a n d /
and when t h e  h e a r i n g  s u r f a c e s  h ad  b e e n  p o l i s h e d ,  r u b b e d - in  on 
o i l
5 .5 5  x  1 0 _  _ 5 . 5 5
10 x  4 3 .5 8 0 .1 2 74 3 .5 8
w hich  shows a  lo w e r in g  o f  t h e  s t a t i c  f r i c t i o n  v a lu e  o f  o n ly
U sing  th e  B r i n e l l  No. as  a  b a s i s  o f  h a r d n e s s  f o r  t e s t  m a t e r i a l ,  
w h i t e - m e t a l ,  29; p h o sp h o r  b r o n z e ,  93; c a s t  i r o n ,  1 90 .
The r e s u l t s  c o n f i rm  t h a t  th e  h a r d n e s s  o f  a  m a t e r i a l  even  
when o n ly  sm ooth f i n i s h e d  h a s  r e s i s t i n g  p r o p e r t i e s  on th e  
t o o l  r i d g e s .  The r i d g e s ,  l e f t  by  t h e  t u r n i n g  and s p r i n g  
s c r a p e r ,  i n  t h e  c a s e  o f  w h i t e - m e t a l ,  have  a  te n d e n c y  t o  c a u se  
t h e  beam ing m a t e r i a l s  t o  s e i z e .  I t  i s  w e l l  known t h a t  w h i te -  
m e ta l  f lo w s  u n d e r  p r e s s u r e  and t h a t  t h e  o i l  f i l m  i n  a  j o u r n a l  
b e a r i n g  i s  e f f e c t e d  by t h i s  f lo w .  The m e ta l  f o l lo w s  th e  
e c c e n t r i c i t y  o f  t h e  l o a d i n g  and t h i s  i s  fo l lo w e d  by  a  
r e d u c t i o n  o f  t h e  c l e a r a n c e .
S e r i e s  IV. -  L u b r i c a t i n g  O i l  C a s to r  XL w i t h  d i f f e r e n t  
b e a r i n g  m e ta l s  and v a r y in g  l o a d s .  The v e l o c i t y  o r  r u b b in g  
sp eed  was k e p t  a s  c o n s ta n t  a s  p o s s i b l e  th ro u g h o u t  t h e  t e s t s .
Load
TT)
C as t  I r o n  on 
W hite M e ta l
(2 ) C a s t  I r o n  on 
C a s t  I r o n
10 6 . 8 7 .9 7 .1 1 7 .1 5 .8 1 m 5 .8 5 5 .7 1 « 5 .7
20 1 4 .2 1 5 .5 1 4 .8 2 — 7 .4 1 1 .7 5 2 m 5 .8 7 1 1 .5 2 5 .7 5
30 2 2 .5 2 4 .5 2 3 .0 3 m 7 .6 1 7 .6 5 3 a 5 .8 8 1 8 .6 3 tm 6 . 2
40 35 36 3 5 .5 4 a . 8 .9 2 4 .5 4 s 6 . 1 2 2 4 .5 4 a 6 .3 7
50 43 44 4 3 .2 5 5 a 8 .6 5 3 1 .2 5 5 a 6 .2 5 3 1 .7 5 a 6 .3 4
60 5 2 .5 54 5 3 .0 6 a 8 . 8 3 7 .1 6 - 6 . 2 3 6 .3 6 a 6 .0 5
70 62 62 62 7 a 8 .8 5 4 3 .5 7 a 6 . 2 1 4 2 .6 7 8 6 .0 8
80 75 73 70 8 a 8 .7 4 8 .5 8 a 6 .0 6 4 7 .5 8 8 5 .9 4
90 84 80 81 9 a 9 .0 5 4 .6 9 a 6 .0 6 5 2 .1 9 8 5 .8
100 100 97 89 10 a 8 .9 5 9 .2 10 a 5 .9 2 5 8 .6 10 8 5 .8 6
s t a t i c  v a lu e  of a 0 .1 9 4 / /  _ 6 . 0 2
^  -  4 0 3 0 .1 3 7
O i l on C. I .
Bayonne o i l
Bayonne 2% 
Bape 
C a s t r o l  XL
0.2116 
0 .1 8 6  
0 .1 9 8
.S .  on P .B .
2 (vC).
M.S. on M.S.
0 .2 2 6
0 .1 9 6
0 .2 0 8
0 .2 6 7
0 .2 1 4
0 .2 4 1
Load C a s t  I r o n  on P h o sp h o r  B ro n ze
10 8 .5 8 . 2 1 • 8 .3
20 1 7 .6 1 6 .8 2 a 8 . 6
30 2 7 .5 2 5 .5 3 m 8 . 8
40 3 6 .2 3 4 .5 4 m 8 . 8
50 4 5 .2 4 3 .7 5 m 8 .9
60 5 4 .2 5 2 .5 6 8 8 .9
70 6 3 .5 6 1 .7 5 7 a 8 .9 8
80 7 0 .0 6 9 .5 8 a 8 .7 5
90 7 8 .5 7 7 .5 9 a 8 . 6 6
100 8 4 .8 8 3 .3 8 10 m 8 .5 2
8 8 .6 0 .1 9 8
43 .5 8  u
(1 ) C a s t  I r o n  on W h i te - M e ta l . -  In  t h i s  t e s t  t h e  same
d i f f i c u l t y  o f  o b t a i n i n g  a  c o r r e c t  v a lu e  a t  h ig h  l o a d s  was i n
e v id e n c e ,  t h e  c a s t  i r o n  h a v in g  t o  be  ru n  a g a i n s t  t h e  w h i t e -
m e ta l  s u r f a c e  ( a t  l i g h t  l o a d s )  u n t i l  a  p e r f e c t  smooth
s u r f a c e  h ad  b e e n  o b t a i n e d .  As i n  t h e  p r e v io u s  t e s t s  th e  
maximum lo a d  i s  100  l b . p e r  s q . i n c h .
Maximum^Sr 8 ^  ■ m o . 2 2 1  and m in im u m ^ ^  a
* 0 . 2 0 2 , a  d i f f e r e n c e  o f  8 .1 8 $  due t o  d i f f e r e n c e  o f  s u r f a c e
c o n d i t i o n s .  The s u r f a c e  of t h e  w h i te  m e ta l  h ad  b e e n  
p o l i s h e d ,  and e f f e c t i v e l y  c l e a n e d  i n  t h e  way a l r e a d y  e x p l a i n e d .
(2) C a s t  I ro n  on C a s t  I r o n . -  The v a lu e s  o b ta in e d  f o r  t h e  
s t a t i c  f r i c t i o n  a r e  e x t r e m e ly  r e g u l a r .  The same t e s t  h ad  b een  
c a r r i e d  out w i th  t h e s e  two m e ta l  s u r f a c e s  more th a n  e i g h t  
m onths p r e v i o u s l y ,  and t h e > £  -  v a lu e  o b t a in e d  was 0 .1 3 1 ;
i n  t h e  p r e s e n t  t e s t ^ / ^  s  0 . 1 3 7 .  The i n c r e a s e  i n  t h e  
c o e f f i c i e n t  due t o  a g e in g  had  b e e n  n o t i c e d  among th e  f i r s t  
e x p e r im e n ts  w here th e  p e r i o d  o f  a g e in g  was t e n  d a y s ,  and t h i s  
t e s t  was p u t  on t o  c o n f i rm  t h e  s ta t e m e n t  t h a t  a g e in g  a l t e r s  t h e  
v a lu e  o f  th e  s t a t i C y A - '  . 2 (,c) H i g h - v a l u e  0 . 3 4 , s e i z u r e  o c c u r s .
(3) C as t  I r o n  on P h o sp h o r  B ro n z e .  -  T here  i s  n o t  t h e  same 
te n d e n c y  t o  s e i z e  a t  h ig h  l o a d s ,  b u t  s t i l l  t h e r e  was a  g r i p  
b e tw een  t h e  s u r f a c e s  g i v i n g  a  h i g h e r  v a lu e  o f / jl , w hich  
d e c r e a s e d /
d e c r e a s e d  w i t h  r u b b i n g - i n  o f  t h e  s u r f a c e s .  The v a l u e s  g iv e n
i n  th e  t a b l e  a r e  f o r  t h e  c o n d i t i o n  a f t e r  a  t r u e  b e a r i n g
s u r f a c e  h ad  b e e n  o b t a i n e d .  P o r  c u r v e s  s e e  C a ld w e l l  and 
Y.Thomson.
B ine F i n i s h  t o  T urned  S u r f a c e s  
In  m aking new t e s t  p l a t e s  f o r  t h e  D e e le y  m ach in e  t h e  
p ro b le m  o f  f i n i s h  p r e s e n t e d  a  c o n s i d e r a b l e  d i f f i c u l t y .
The p l a t e s  w ere sm ooth t u r n e d .  T h is  s u r f a c e  u n d e r  t h e  
m ic ro sc o p e  p r e s e n t e d  a  m ost i r r e g u l a r  a p p e a r a n c e .  A s p r i n g  
s c r a p e r  was u se d  and t h e  r i d g e s  p a r t l y  d i s a p p e a r e d ,  b u t  s t i l l  
t h e  s u r f a c e  was v e ry  i r r e g u l a r .  V a r io u s  l u b r i c a n t s  w ere  
t r i e d  a s  c o o l a n t s  f o r  t h e  l a t h e  t o o l ,  t h e  shape  o f  t h e  t o o l  
b e in g  k e p t  t h e  same t h r o u g h o u t .  I t  was found  t h a t  a  s m a l l  
d ro p  o f  g l y c e r i n e  and  w a te r  gave t h e  b e s t  f i n i s h  and a v o id e d  
t h e  u se  o f  a  carbonundum  o i l  s l a b .  The u se  o f  t h e  g r i n d e r  
would h av e  i n t r o d u c e d  an unknown f a c t o r  i n t o  t h e  f r i c t i o n  
t e s t s .  P u re  o i l  o f  t u r p e n t i n e ,  was t r i e d  on t h e  s p r i n g  
s c r a p e r  b u t  t h e  s u r f a c e  o b ta in e d  was r o u g h e r .
T e s t s  and T e s t  R e s u l t s :  B e a r in g  M ach in e .
The m ach ine  as  d e s ig n e d  d id  n o t  come up t o  t h e  r e q u i r e ­
m en ts  o f  r e s e a r c h  work i n  a l l  t h e  p o i n t s  o f  l u b r i c a t i o n  o f  
j o u r n a l  b e a r i n g s ,  and was r e p l a c e d  by  D r .  Thomson by  a  
m achine  d e s c r i b e d  in  an a r t i c l e  on L u b r i c a t i o n  a n d  B e a r in g  
D e s ig n .  The m ach in e ,  how ever,  i s  q u i t e  s u i t a b l e  f o r  t e s t s  
on e f f e c t  o f  sm oothness  o f  m achine s u r f a c e  u s in g  p h o sp h o r  
b ro n z e  and w h i te  m e ta l  b u sh e s  o r  p ad  p i e c e s .  I t  may a l s o  be  
u sed  as  a  l u b r i c a n t  and w ear t e s t e r  i n  c o n j u n c t i o n  w i th  t h e  
D isc  M achine used  f o r  f a b r i c  m a t e r i a l ,  g i v i n g  an e x c e l l e n t  
>*€ans o f  com paring  o i l s  o r  f r i c t i o n  m a t e r i a l  when ru n n in g  
a g a i n s t  a  l u b r i c a t e d  o r  w e t te d  s u r f a c e .
The f r i c t i o n  a t  v a r i o u s  ru b b in g  sp eed s  can be  d e te rm in e d .  
The t e m p e r a tu r e  o f  t h e  l u b r i c a t i n g  o i l  i s  k e p t  c o n s t a n t ,  and 
t h e  lo a d  i s  v a r i e d  o v e r  t h e  t e s t ,  b u t  may be  k e p t  c o n s ta n t  
o v e r  a  ra n g e  o f  s p e e d s .
S e r i e s  1 /
z * .
S e r i e s  I .  t e s t  (a) -  T e m p e ra tu re  k e p t  c o n s t a n t  a t  66°E .
Speed v a r i e d  from  0 -  400 r . p . m .  o r  0 t o  314 f t  . p e r  m in .  
t o  1280 f t .  p e r  m in .
Load v a r i e d  from  56 -  160 l b .  p e r  i n ^  and th e n  t o  228 l b / i n ^
O i l  u s e d  -  Gas E n g in e  L u b r i c a n t .
See s e p a r a t e  s h e e t  f o r  T a b le .
The j o u r n a l  b e a r i n g  h ad  a l r e a d y  b e e n  ru n n in g  f o r  e i g h t  h o u r s  
b e f o r e  t e s t  r e a d in g s  w ere  t a k e n .  The s u r f a c e  o f  t h e  m a t e r i a l  
was e x t r a  sm ooth and a t  t h e  end o f  t e s t  was i n  p e r f e c t  
c o n d i t i o n .  ( P ig .  1 0 ) j>.
S e r i e s  I .  t e s t  (b) -  T e m p e ra tu re  k e p t  c o n s t a n t  a t  1 3 8 °I '.
Speed v a r i e d  from  0 t o  400 r . p . m .  t o  1600 r . p . m .  o r  1280 f t .  
p e r  m in .
Load v a r i e d  from  0 t o  228 l b . / i r fi .
O il  u s e d  -  Gas E ng ine  L u b r i c a n t .
See s e p a r a t e  s h e e t  f o r  t a b l e .
C o n d i t io n s  w ere d i f f i c u l t  t o  keep  c o n s t a n t  d u r in g  t h e  l a t t e r  
p e r i o d  o f  t h i s  t e s t .  An e x a m in a t io n  o f  t h e  b e a r i n g  showed 
s ig n s  o f  s e i z u r e  o f  b e a r i n g  s u r f a c e .  Z i s  v i s c o s i t y  
p o i s e .
S e r i e s  I .  t e s t  (c) -  T em p e ra tu re  k e p t  c o n s t a n t  a t  190°E .
Speed v a r i e d  from  0 t o  1280 f t .  p e r  m in .
Load v a r i e d  from 0 t o  228 l b .  p e r  i n ^ .
O i l  u se d  -  Gas E ngine L u b r i c a n t .
See s e p a r a t e  s h e e t  f o r  t a b l e . ,  'f>. .
As i n  T e s t  (c) th e  b e a r i n g  showed te n d e n c y  t o  l a c k  o f  o i l  
su p p ly  and s e i z u r e  o f  b e a r i n g  s u r f a c e s .
Although th is  in v e s t ig a t io n  d ea ls  c h ie f ly  w ith  th e  e f f e c t  
on f r i c t i o n  o f d i f fe r e n t  f in is h e s  o f m a te r ia ls ,  and d i f f e r e n t  
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a v e r a g e  c o e f f i c i e n t  v a l u e s  and  t h e s e  o b t a i n e d  u n d e r  i d e a l  
c o n d i t i o n s  o f  w o r k in g .
TJESTS AFP TEST RESULTS .
S e r i e s  (1)
A c o m p a ra t iv e  t e s t  was c a r r i e d  o u t  b e tw e e n  t h e  w o rk in g  
m a t e r i a l s ,  B ro n z e ,  Wood, and  L e a t h e r ,  and com pared  w i t h  t h e  
f a b r i c  m a t e r i a l s  * P e r a s b e s t o s 1 and !G a t e x ’ «̂*<.
The B ronze  p a c k in g  p i e c e s  i n  t h e  c a r r i e r  w ere  u s e d  a s  
a  t e m p l e t  from  w h ic h  t o  form  t h e  p ad  p i e c e s .  T h ese  p a d s
w ere  c a r e f u l l y  a d j u s t e d  t o t h e c u r v a t u r e o f t h e  b r a k e w h e e l .
The c o n d i t i o n s  o f  t h e  t e s t a r e s u c h  t h a t no m a t e r i a l i s
o v e r h e a t e d .
B ronze P e r a s b e s t o s Wood L e a t h e r Gat ex
o
P r e s s u r e  l b . / i n  28 28 28 14 14
R ubbing  Speed f t . /m in .  115 115 86 86 86
Max. Temp. °P .  350 300 250 200 175
The h e a t  was s u p p l i e d  by  f o u r  b u n se n  b u r n e r s  and  
r e g u l a t e d  t o  g iv e  t h e  r e q u i r e d  h e a t  t o  t h e  r im  o f  t h e  w h ee l  
so t h a t  t h e  t e m p e r a tu r e  o f  t h e  pad  p i e c e s  a t  t h e  b r a k e  
s u r f a c e  c o u ld  be  r e a d  on t h e  p o t e n t i o m e t e r . A g r a p h  was 
u se d  f o r  t h e  p o t e n t i o m e t e r  w h ich  gave r e a d i n g s  i n  d e g r e e s  P . 
T h is  g ra p h  was f u r n i s h e d  by  t h e  N a tu r a l  P h i lo s o p h y  D ep a r tm en t  
o f  t h e  Royal T e c h n ic a l  C o l le g e  and was u se d  th r o u g h o u t  t h i s  
r e s e a r c h  w ork . The in s t r u m e n t  was ch e c k e d  from  t im e  t o  t im e  
d u r in g  t h e  t e s t  p e r i o d .
P o r  e ach  t e s t  t h e  sp e e d  was k e p t  c o n s t a n t  and  t h e  p ad  
p i e c e s  w ere  a p p l i e d  t o  t h e  r im  b u t  w i t h  o n ly  7 l b .  p e r  s q . i n .  
p r e s s u r e  t o  e n s u re  p e r f e c t  f i t t i n g  o f  b r a k e  m a t e r i a l ,  t h e  
t e m p e r a tu r e  b e i n g  r a i s e d  g e n t l y  t o  100®P. Then t h e  s p e c i f i c  
l o a d  was a p p l i e d  a s  shown a.J>ovs. . The t e m p e r a tu r e
ch an g es  w ere a l s o  g r a d u a l  a s  shown on g r a p h ,  P i g .  ( 6 ) •
( a ) /
(a)  W ith  t h e  B ro n ze  p a d s  s c o r i n g  o f  t h e  w h ee l w ou ld  
seem a lm o s t  c e r t a i n  i f  r e t a i n e d  i n  a c t i o n  f o r  a n y le n q ti0/  
t i m e .  The c o e f f i c i e n t  o f  f r i c t i o n  k e p t  f a i r l y  c o n s t a n t .
(h) The Wood b r a k e  p a d s  showed j u s t  t h a t  f e a t u r e  w h ic h  
c a u s e d  them  t o  b e  d i s c a r d e d  i n  p r a c t i c e  w h ere  a  w a t e r  c o o le d  
drum c o u ld  n o t  b e  i n c o r p o r a t e d ,  su c h  a s  i n  t h e  fM a s s e y f 
d ro p -s ta m p  hammer. Even w i t h  t h e  s m a l l e r  s p e c i f i c  l o a d i n g  
and lo w e r  t e m p e r a t u r e  t h e r e  i s  a  g r e a t  v a r i a t i o n  i n  t h e  
f r i c t i o n  c o e f f i c i e n t .  C h a r in g  * / tie wool frCeces s o o n f i f & c e .  
butr  fh e  b r a k e  r im  i s  i n  no way d e s t r o y e d ;  i t  becom es r a t h e r  
m ore p o l i s h e d .
(c)  The L e a t h e r  pad  p i e c e s  h ad  t o  b e  r e t a i n e d  c a r e f u l l y  
i n  t h e  h o l d e r ,  t h a t  i s ,  t h e y  w ere  n o t  a l lo w e d  t o  p r o j e c t  
more t h a n  was n e c e s s a r y  t o  make t h e  c a s t  i r o n  c a r r i e r ,  E , 
c l e a r  t h e  r im .  L e a t h e r  u n d e r  p r e s s u r e  and  t e m p e r a t u r e  
d o es  n o t  h o ld  i t s  h ighy<&  — v a lu e  f o r  any  l e n g t h  o f  t i m e ,  
c h a n g in g  from  a lm o s t  0«9 t o  0*75 a s  t h e  t e m p e r a t u r e  c h a n g e s  
from  1 0 0 °  t o  1 7 5 °P .  The h e a t  a p p e a r s  t o  s p o i l  t h e  
d r e s s i n g  m a t e r i a l  o f  t h e  l e a t h e r .
(d) The f i r s t  c o m p o s i te  m a t e r i a l  on t h e  l i s t  shows 
p r o p e r t i e s  w h ich  c e r t a i n l y  a r e  t o  be  d e s i r e d .  U n l ik e  
l e a t h e r  i t  i s  n o t  e a s i l y  d efo rm ed  b y  p r e s s u r e  a t  h i g h  
t e m p e r a t u r e s .  H eat t r a n s m i s s i o n  from  w ea r  s u r f a c e  t o  
c a r r i e r  i s  r e a d i l y  found  by  m e a s u r in g  t h e  r i s e  i n  t e m p e r a tu r e  
o f  t h e  o u t s i d e  o f  t h e  c a r r i e r  b l o c k ,  a l s o  t h e  i n s i d e  on 
n o n -w e a r in g  s u r f a c e  o f  t h e  b r a k e  l i n i n g .  ■ E ereb es to s*  i s
a  P erodo  m a t e r i a l  made by  t e a s i n g  ou t t h e  s i n g l e  s i l k y - l i k e
f i b r e s  o f  t h e  m ined  a s b e s t o s .  E ach  f i b r e  can  b e  t r e a t e d
s e p a r a t e l y  b y  s o a k in g  i n  a  r e s i n o i d  compound. A s b e s to s
f l o c k  may be  spun  and th e n  t r e a t e d  w i t h  f l u i d  gumming
m a t e r i a l ,  b a k e l i t e ,  o r  s u g a r  compound. P r e s s e d  l i g h t l y
i n t o  form  and b a k e d  i n  an  e l e c t r i c  d r y in g  oven , t h e  l i n i n g
i s  t h e n  com pressed  by  h y d r a u l i c  p r e s s .  The m oulds  a r e
e l e c t r i c a l l y  h e a t e d  an d  t h e  p r e s s u r e  may b e  15 t o n s  p e r  
s q . i n .
T h e /

2<i
The m ethod  o f  m a n u f a c tu re  as  w e l l  a s  t h e  m a t e r i a l s  u s e d  
a r e  b r o u g h t  o u t i n  t h e  t e s t  r e s u l t s  shown i n  c u r v e s  (d)
P ig*  ( $  The b r a k e  r im  i s  o n ly  s l i g h t l y  p o l i s h e d  and
t h e  b r a k e  p a d s  show no ch an g e  i n  s u r f a c e .  The s m a l l  
s e r r a t i o n s  on t h e  f a c e  o f  t h e  p a d s  u s e d / i n  T a b le  ( l ) , I  -  
F e rodo  Bonded A sb es to s / ,  do n o t  a p p e a r  w i t h  t h e  F e r o b e s t o s .
(e) fG a t e x f i s  r e a l l y  a  b e l t i n g  m a t e r i a l ,  b u t  a s  i t  
h a s  a  v e r y  com pact s t r u c t u r e  and c o u ld  be  c u t  i n t o  t h e  sm a l  
p a d  p i e c e s  r e q u i r e d  w i th o u t  e x c e s s i v e  f r a y i n g  o f  t h e  e d g e s ,  
i t  was p u t  u n d e r  t e s t .  The lo a d  a p p l i e d  was 14 l b . p e r  
s q . i n c h .  I t  shows a  v e r y  h i g h  c o e f f i c i e n t  o f  f r i c t i o n  
much s i m i l a r  t o  t h a t  o f  l e a t h e r .  I t  i s  made o f  a  woven 
y a r n  t r e a t e d  w i t h  a  r u b b e r  l a t r e x  and t h e  w hole  i s  
v u l c a n i z e d  i n t o  a  s o l i d  f a b r i c .  V ery  l i t t l e  s i g n  o f  
change  i n  s t r u c t u r e  c o u ld  b e  d i s c e r n e d  by  t h e  r i s e  from  
100°  t o  2 0 0 °F . and  a  p r e s s u r e  o f  14 l b .  p e r  s q . i n .  i s  
c e r t a i n l y  n o t  e x c e s s i v e .
The A u th o r  w ould  h av e  l i k e d  t o  c a r r y  o u t r e s e a r c h  
work on t h e  new er form  o f  b e l t i n g  m a t e r i a l  when u s e d  f o r  
b r a k e  l i n i n g s .  The c o t t o n  duck and c o t t o n  f i b r e s  h av e  
g iv e n  way t o  woven h a i r  m a t e r i a l  s p e c i a l l y  t r e a t e d  so  a s  t o  
h av e  no i n t e r n a l  s h e a r  among t h e  f i b r e s .  B e l t i n g  p ro b le m s  
a p p e a r  t o  g iv e  a  m ix tu r e  o f  f l u i d  and s o l i d  f r i c t i o n  w h ich  
h a s  g iv e n  g r e a t  d i f f i c u l t i e s  t o  i n v e s t i g a t o r s ,  b u t  in-fa-Lr/c/w*fs, 
c e r t a i n l y ,  t h e  m a n u f a c tu r e r  h a s  overcome many o f  t h e  
d i f f i c u l t i e s  by  s p e c i a l  p r o c e s s e s  • B e l t i n g  owing t o  t h e  
t r a v e l  h a s  more c o o l i n g  s u r f a c e  t h a n  b r a k e  o r  c l u t c h  
m a t e r i a l .
S e r i e s  ( 2 ) .
These  t e s t s  w ere c a r r i e d  o u t u s in g  f o u r  d i f f e r e n t  
b r a k e s  o f  f r i c t i o n  b r a k e  l i n i n g s ;  t h e y  a r e  t h e  same group  
a s  u sed  in  m aking  t h e  p r e l i m i n a r y  t e s t s ,  ( I )  fF e ro d o  F i b r e 1,
( I I )  'P e ro d o  Bonded A s b e s t o s ' ,  ( I I I )  'B r e k o ' ,  and  (IV) Ray- 
b e s t o s •
The t h r e e  l a s t  named b e i n g  v e r y  much s i m i l a r  i n  s t r u c t u r e ,
b u t  made by  d i f f e r e n t  m a n u f a c t u r e r s ,  who recommend s p e c i a l
w o rk in g  p r e s s u r e s  t o  b e  u s e d  f o r  t h e i r  m a t e r i a l .  The
6
A u th o r  h a s  a l r e a d y  w r i t t e n  on t h i s  s u b j e c t  o f  F erodo  
B rak e  L i n i n g s ,  b u t  t h i s  r e s e a r c h  wdirk p r o v id e s  an  
o p p o r t u n i t y  o f  c o m p a r iso n  w i t h o u t  w r i t i n g  u n f a v o u r a b ly  o f  
any  m a n u f a c t u r e r s  p r o d u c t .
The p r e s s u r e  r a n g e s  from  7 t o  28 l b .  p e r  s q . i n .  
u s in g  p a d s  1 s q . i n c h  a r e a ,  and  t o  p e r m i t  o f  h i g h e r  
p r e s s u r e s  s p e c i a l  p a d s  o f  -J- s q . i n .  a r e  u s e d .  The 
t e m p e r a t u r e  r a n g e  i s  from  roam t e m p e r a t u r e  5 5 °F .  t o  12 0 °F .
Ho e x t e r n a l  h e a t  i s  a p p l i e d .
From t h e  e a r l i e r  t e s t s  e x p e r i e n c e  h a d  b e e n  g a in e d  i n  
r u n n in g  t h e  m a c h in e .  The o b j e c t  now aim ed a t  i s  c o n t in u o u s  
r u n n in g  o v e r  t h e  w hole  sp e e d  ra n g e  w i t h  a b s o l u t e  minimum 
o f  s t o p s .  I t  was fo u n d  t h a t ,  e x c e p t  a t  t h e  h i g h e s t  s p e e d s ,  
t h e  n e c e s s a r y  ch a n g e s  c o u ld  be  made w i t h o u t  any  damage t o  
t h e  g e a r i n g .  The r im  was m arked  w here  g e a r  c h a n g in g  c o u ld  
b e  m ade, and  i t  soon  became a  m a t t e r  o f  p r a c t i c e  t o  make 
a  smooth ch a n g e ;  t h e  t e e t h  w ere  g iv e n  a  s m a l l  e n t r a n c e  
a n g l e .
Each t e s t  was s t a r t e d  a t  to p  s p e e d  and  s u b s e q u e n t  
r e a d i n g s  t a k e n  i n  a  g e n e r a l l y  d e c r e a s i n g  o r d e r  o f  s p g e d .
By a d o p t in g  t h e s e  m ethods  v e r y  few c o m p le te  s t o p s  r e q u i r e d  
t o  b e  m ade. The m ach in e  was a l lo w e d  t im e  t o  assum e 
c o n s t a n t  c o n d i t i o n s  a f t e r  e a c h  c h a n g e .  T h is  was n e c e s s a r y  
n o t  o n ly  f o r  t h e  speed  f u n c t i o n  b u t  a l s o  t o  p e r m i t  o f  t h e  
s te a d y -u p  o f  t h e  c o n d i t i o n s  o f  t h e  b r a k e  l i n i n g s .  At e a c h  
change  o f  l o a d  t h e  m ach in e  was b r o u g h t  t o  h i g h  s p e e d  b e f o r e  
p r o c e e d in g  t o  add l o a d .  U p - lo ad  and d ow n-load  r e a d i n g s  
w ere  t a k e n  f o r  e a c h  m a t e r i a l .
A ro u g h  g ra p h  o f  th e  r e a d i n g s  was made on a  lo a d
b a s e ,  a l s o  on a  t im e  b a s e .  T h is  g r a p h  e n a b le d  a  check
r e a d in g  t o  b e  made o f  any  d o u b t f u l  p o i n t .  At f i r s t  an 
a v e r a g e /
i-i.
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a v e r a g e  o f  a  num ber o f  r e a d i n g s  was t a k e n  a s  t h e  f i n a l  
r e a d i n g ,  b u t  t h e  m ach in e  c o u ld  be  d ep ended  upon t o  g iv e  a  
f a i r  e s t i m a t e  o f / t<  w i t h o u t  much c a r e .  The p r i n c i p a l  
p o i n t  t o  w a tc h  i s  t h e  a d ju s tm e n t  o f  t h e  p o s i t i o n  on b r a k e  
r im ,  and t o  s e e  t h a t  t h e  h a n g e r s  a r e  n o t  f o u l i n g  on t h e  
s i d e s  o f  t h e  b r a k e  w h e e l-
The r e s u l t s  o f  t h e s e  t e s t s  a r e  shown i n  T a b le s  ( y )  t o  
( /£ )  a n d  t h e  c u r v e s  h a v e  b e e n  p l o t t e d  t o  show t h e  
c o e f f i c i e n t  o f  f r i c t i o n v a l u e ,  on a  b a s e  o f  s p e c i f i c  
s p e e d ,  P ig s  ( k )  t o  ( ' S ) .  P o r  t h e  p u rp o s e  o f  co m p a r iso n  t h e  
c u r v e s  h a v e  b e e n  p l o t t e d  f o r  s e p a r a t e  l o a d i n g s ,  P i g s -  {d*,6,cy) 
T h ese  c u r v e s  may b e  a n a ly s e d  t o  b r i n g  o u t  t h e  r e s p e c t i v e  
f e a t u r e s  i n h e r e n t  i n  t h e  f a b r i c  l i n i n g s -
P a b r ic  P r i c t i o n .
’P e r o d o 1 P i b r e .  C o n s ta n t  o f  M achine 2*8 l b .
P u l l  i n  l b .
Ho. o f  Speed 7 l b  l o a d  1 7 . 2 l b  2 7 . 4 l b  1 7 . 2  l b  22<3  l b
D r iv e s  f t  . /m in .  7 l b / i n 2  1 7 -2  1' o / i . n 2  27*4 l b / i n 2  3 4 -4  l b / i n 2 4 4 -6  l b / i n 2
e c C 0-2 5 8 5*6 1 2 . 2 1 8 .1 1 0 .4 1 3 .2
- e b c 0 .3 8 5 .4 1 2 . 2 1 8 .8 1 0 . 2 1 3 .4
* e a c 0*52 5*4 1 2 . 8 1 9 -0 11*8 14*0
e c B 0 .7 5 5*4 1 2 . 2 18*9 11*0 13*8
e b B 1 .1 6 5 .6 1 2 - 6 1 8 .6 1 1 . 2 1 4 .2
t e a B 1*56 5*8 13*0 19*1 11*4 15*0
t e c A 2*45 5*4 12*3 18*4 11*6 15
j e b A 3 .4 0 5*6 1 2 - 2 19*0 12*2 15
i e a A 4-76 5 .1 1 1 - 1 1 8 .8 1 2 - 0 -
I M achine s to p p e d  t o t a k e  o u t th e  I p i c y c l i c T r a i n .
2 c C 25*8 4*4 10*0 14*8 10*8 13*2
i 2 b C 38 4*0 9*2 1 3 -6 9 -8 12*2I 2 a C 52 4*0 8*6 1 3 -4 9*2 11*6
1 2 c B 75 3*8 8*6 13*4 9*2 1 1 - 8
1 1 c C 93*5 3*1 8*6 1 3 -0 9-0 11*7t 2 b B 116 3*0 8*1 12*8 8*8 11*4
l b C 131 3*1 8*2 13-0 9-0 11*6
2 a B 156 3*4 8*4 13*2 9*0 11*4
; 1 a C 191 3*4 8*2 13*0 8*8 11*6
s 2  c A 245 4*2 9*4 1 4 -2 9*7 12*81 c B 270 3*6 8*6 1 3 -6 9 .4 12*0
2 b A 340 4 .1 9*6 14*2 1 0 - 6 13*4
! 1 b 3 381 3*4 8*4 1 3 -6 9*8 12*2
2 a A 476 4*1 9*6 _
1 a B 530 3*6 9-0 14*0 9*6 1 2 - 21 c A 830 3*6 9*6 14*2 9 .8 1 2 . 6












1 2 - 6
1 2 . 0
| i )  fF e ro d o f F i b r e .  C o n s ta n t  f o r  m ach in e  2 . 8  l b .  
'able y m :  _____________________________________________________
C o e f f i c i e n t  o f  F r i c t i o n •
Speed , o
§ f t  . /m in . 7 l b / i n 2 1 7 .2  l b / i n 2 2 7 .4  l b / i n 2 3 4 .4  l b / i n 2 4 4 .6  l b / i n 2
f 0 -2 5 8 0 -8 0 0 -7 0 0 -6 6 0 -6 1 0 -5 0
I 0 .3 8 0 .7 7 0 .7 1 0 .6 8 0 .5 9 0 .5 9
§ 0 .5 2 0 .7 7 0 .7 4 0 .6 9 0 .6 8 0 .6 5
! 0 .7 5 0 .7 7 0 .7 1 0 .6 9 0 .6 4 0 .6 2
1 .1 6 0 .8 0 0 .7 3 0 .6 8 0 .6 5 0 .6 4
1 .5 6 0w83 0 .7 6 0 .6 9 0 .6 9 0 .7 0
2 .4 5 0 .7 7 0 .7 2 0 .6 7 0 .6 8 0 .6 7
3 .4 0 0 .8 0 0 .7 1 0 .6 9 0 .7 0
4 .7 6 0 .7 2 0 .6 5 0 .6 9 0 .6 8 -
M achine s to p p e d  t o t a k e  o u t  t h e  E p i c y c l l c  Gear
2 5 .8 0 .6 3 0 .5 8 0 .5 4 0 .6 3 0 .5 9
38 0 .5 7 0 .5 4 0 .5 0 0 .5 7 0 .5 5
52 0 .5 7 0 .5 1 0 .4 9 0 .5 4 0 .5 2
75 0 .5 4 0 .5 1 0 .4 9 0 .5 3 0 .5 3
1 9 3 .5 0 .4 4 0 .5 1 0 .4 7 0 .5 2 0 .5 2
116 0 .4 3 0 .4 7 0 .4 6 0 .5 1 0 .5 1
1131 0 .4 9 0 .4 8 0 .4 7 0 .5 1 0 .5 2
>156 0 .4 9 0 .4 9 0 .4 8 0 .5 2 0 .5 1
191 0 .4 9 0 .4 8 0 .4 8 0 .5 1 0 .5 2
1245 0 .5 6 0 .5 4 0 .5 1 0 .5 6 0 .5 7
270 0 .5 6 0 .5 0 0 .5 0 0 .5 5 0 .5 5
340 0 .5 8 0 .5 5 0 .5 1 0 .6 1 0 .6 0
381 0 .5 9 0 .4 9 0 .5 0 0 .5 7 0 .5 5
1476 0 .5 9 0 .5 5 - -
530 0 .5 9 0 .5 2 0 .5 1 0 .5 6 0 .5 5
1830 0 .5 2 0 .5 6 0 .5 2 0 .5 7 0 .5 7
1220 0 .5 7 0 .5 3 0 .5 2 0 .5 8 0 .5 6
4700 0 .5 1 0 .5 3 0 .5 1 0 .5 7 0 .5 4
-
T e m p e ra tu re v a r i a t i o n  6 0 o> t o  1200F; t h i s  r e f e r s  t o l a s t
' n in e r e a d i n g s •
iJ a  Me JK
i ( i )
> ... ! ■
■Ferodo* Bonded A s b e s t o s . C o n s ta n t f o r  t h e  m achine 2 .8  l b .
3 P u l l  i n  l b .
I StiapA Temp.7 l b  Load 14 l b  Load 28 l b  Load 17 l b  Load
7 l b / i n 2 14 l b / i n 2 28 l b / i n 2 34 l b / i n 2









2 .6 2 .8 1 1 .6 7 .4
2 .5 3 . 2 1 0 .6 7 .4
2 .8 2 .0 1 0 .8 7 .6
2 .8 3 .0 11 7 .8
3 .2 3 .2 1 0 .6 8 .0
2 .6 3 .2o 1 1 .4 8 .0
2 .2 3 .4 1 1 .2 8 .4
2 .4 3 .0 1 1 .4 8 .0
2 .8 3 .6 1 1 .8 7 .8
60 °F.*
M achine s to p p e d ,  E p i c y c l i c  G ear d is e n g a g e d
o z > .
Speed  
f t . / m i n *
P u l l  im  1b .
Temn.
7 l b  Loa 
7 l b / i n 2
d 14 l b  Load 
14 l b / i n 2
28 l b  Load 
28 l b / i n 2
17 l b  Load 
34 l b / i n 2
2 5 .8 3 .0 4 . 2 1 2 . 6 9 . 8 60°]?.
38 3 . 0 4 . 2 1 2 .4 9 .2
52 3 .0 4 . 0 1 2 .4 9 . 2
75 3 .2 4 .0 1 2 .4 8 . 8
93. 5 2 . 8 4 . 0 1 2 . 8 8 . 8
1316 2 . 6 3 .8 1 2 . 2 8.4 .
131 3 .0 3 .6 1 2 .4 8 . 6
80°ff.156 2 . 6 3 .6 1 2 . 0 8 . 6
191 2 . 8 3 . 8 1 1 .9 8 . 4
245 2 . 6 4 .0 1 3 .4 9 .0
270 2 . 8 3 .5 1 1 . 8 8 .4
340 2 . 6 3 . 8 1 3 .4 8 . 8
381 3 .4 3 .2 1 1 . 6 8  • 2
ig a ° E .47& 2 .4 3 . 6 - 8 . 6
530 3 .6 3 .0 1 1 .4 8 . 0
830 2 .4 3 .0 1 2 . 2 8 . 6
120° S .1120 2 . 6 2 . 8 1 2 . 0 8 . 2
1700 3 .0 2 . 8 1 1 . 6 7 .8
X -
( i i ) 'F e r o d o '
D iagram s t o  show th e  
a p p e a ra n c e  o f  F a b r i c  
a f t e r  t e s t .
Bonded A s b e s to s .  Machine Bo. 2 . 8  l b .
Speed G o e f f i c i e n t o f  F r i c t i o n Temp).
f t  ./mini.
7 l b / i r a 2 14 l b / i n 2 28 l b / i n i 2 ^ 3 4  l b / i n i 2
0 .2 5 8 0 .3 7 0 •40 0 .4 2 0 .4 3
0 .3 8 0 .3 7 0 .4 6 0 .3 9 0 .4 3
0 .5 2 0 .4 0 0 .3 9 0 .3 9 0 .3 8
0 .7 5 0 .4 0 0 .4 3 0 .4 0 0 .4 5
60®F.1 .1 6 0 .4 6 0 .4 6 0 .3 9 0 .4 6
1 .5 6 0 .3 7 0 .4 6 0 . 3 8 0 .4 7
2 .4 5 0 .3 1 0 .4 8 0 .4 0 0 .4 8
3 .4 0 0 .3 4 0 .4 3 0 .3 8 Q.46




s to p p e d ,  E p i c y c l i c  S ea r  lo c k e d .
0.60: 0 .4 6  0 .5 7 60 °F .
38 0 .4 3 0 .6 0 0 .4 5 0 . 5 3
52 0 .4 3 0 .5 7 0 .4 5 0*53
75 0 .4 5 0 .5 7 0 .4 5 0 .5 1
9 3 .5 0 .4 0 0 .5 7 0 .4 5 0 .5 1
116 0 .3 7 0 .5 4 0 .4 5 0 .4 9
80°F .131 0 .4 3 0 .5 1 0 .4 5 0 .4 9
156; 0 .4 0 0 .5 1 0 .4 4 0 .5 0
191 0 .3 7 0 .5 1 0 . 4 5 0 .4 9
245 0 .4 0 0 .5 7 0 .4 8 Q.52
270 0 .3 7 0 .5 0 0 .4 3 0 .4 9
340 0 .4 8 0 .5 4 0 .4 8 0 .5 1
381 0 .3 4 0 .4 6 0 .4 2 0 .4 8
476 0 .4 3 0 .5 1 - 0 .5 0
530 0 .3 4 0 .4 3 0 .3 8 0 .4 6
830 0 .3 7 0 . 4 3 0 .4 4 0 .5 0
120°F . !12 2 0 0 .4 3 0 .4 0 0 . 4 3 Q .48
1700 0 .43 0 .4 0 0 .4 2 0 .4 5
D u r in g  t h e  w o rd in g  w i t h  t h i s  m a t e r i a l  i t  wqs fo u n d  
t h a t  t h e  m ach in e  showed up a  f i e r c e n e s s  o f  g r i p  a t  s lo w
s p e e d s .
! T a iee 'X -
f
( ( i ! )  •Breko* Bonded A s b e s t o s ,  C o n s ta n t  f o r  m ach in e  2 .8  l b .
t  ■ ' - ,WI- "
|  Speed 
1 f t . / m i n
F u l l  i n  l b .
• 7 l b  l o a d  
7 l b /  i n 2
1 7 . 2 1 b  lo a d  2 7 .4 2 b lo a d  1 7 .2  l b  lo a d  
1 7 .2  l b / i n 2  2 7 .4  l b / i r # 3 4 . 4  l b / i n 2
2 2 .3  lb  lo a d  
4 4 .6  l b / i n 2
0 2 . 6 8 . 2 1 2 . 8 7 .1 9 .4
0 2 . 6 7 .8 1 2 .4 7 .6 9 .8
0 3 .0 7 .8 1 2 . 2 7 .8 1 0 .4
0 2^8 7 .8 1 3 .0 7 .0 9 .0
1 .1 6 2 . 8 8 . 0 1 3 .2 7 .6 1 0 . 0
1 .5 0 2 .4 7 .2 1 2 .4 , 7.6ci 1 0 . 0
££.45 3 .0 8 . 6 1 3 .6 6 . 2 8 . 6
3 .4 2 . 6 7 .8 1 3 .6 7 .0 9 .6
; 4 .7 6 2 . 1 7 .0 1 3 .5 8 . 0 1 0 . 0
M achine s to p p e d t o  l o c k  E p i c y c l i c  Gear
1 2 5 .8 2 .4 6 . 6 1 0 . 8 6 . 0 7 .8
f 38 2 .4 6 . 8 1 0 . 8 5 .8 7 .6
I 52 2 . 2 6 .4 1 0 .4 6 . 8 7 .6
! 75 2 . 0 6 .4 9 .8 5 .8 7 . 6J 9 5 .5 2 . 1 6 . 0 9 . 6 5 .6 7 .2
1116 2 . 0 5 .8 9 .4 5 .4 7 .2
1131 2 . 0 6^0 9 .4 5 .6 7 .1
1156 1 . 8 6 .4 9 .2 5 .4 7 .0
191 1 . 8 6 .4 9 .2 . 5 .6 7 .0
245 2 . 2 5 .8 1 0 . 6 5 .4 7 .6
270 2 . 0 6 . 6 9 .4 5 .4 7 .0
340 2 .4 5.66 1 0 . 1 6 . 8 7 .8
381 1 . 8 6.22 9 .2 5 .4 6 . 8
476 2 . 6b 5 .8 6 . 2 «
530 1 . 8 5 .6 8 . 8 5 .0 6 . 8
3 830 1 . 8 5 .6 9 .3 5 .4 7 .2
L220 2 . 0 3 .8 9 .0 5 .6 7.6c
t fo te :  W ith t h i s  m a t e r i a l  t h e  f r i c t i o n  m achine worked
v e r y s m o o th ly .
( i i i )  »Breko» Bonded -A s b e s to s . C o n s ta n t  f o r  m ach ine  2 .8  l b .
Speed 
Ft . / m i n .
C o e f f i c i e n t of F r i c t i o n  .
7 l b / i n 2 17 .2  l b / i n & 2 7 . 4  l b / i n 2  34 l b / i n 2
•H>*
0 .2 5 8 0 .3 7 0 .4 8 0 .4 7 0 .4 1 0 .4 2
0 .3 8 0 .3 7 0 .4 5 0 .4 5 0 .4 4 0 .4 4
0 .5 2 0 .4 2 0 .4 5 0 .4 5 0 .4 5 0 . 4  6
0 .7 5 0 .4 0 0 .4 5 0 .4 7 0 .4 1 0*41
1 .1 6 0 .4 0 0 .4 6 0 .4 8 0 .4 4 0 .4 5
1 .5 6 0 .3 4 0 .4 2 0 .4 5 0 .4 4 0 .4 5
2 .4 5 0 .4 2 0 .5 0 0 .4 9 0 .4 1 0 .4 3
3 .4 0 0 .3 7 0 .4 5 0 .4 9 0 .4 1 0 .4 3
4 .7 6 0 .3 0 0 .4 1 0 .4 8 0 .4 6 0 .4 4
M achine s to p p e d  t o  l o c k  E p i c y e l i c  G ear .
3S%
Sp ee<i C o e f f i c i e n t  o f  P r i c t i o n  ^
f t  , / m i n .  -------------  ~ ~ 7
7 l b / i n 2  1 7 . 2  l b / i n 2  2 7 .4  l b / i n 2  34 l b / i n 21 4 4 .6  l b / i n 2
25*8 0 .3 4 0 .3 8 0 .3 9 0 .3 5 0 .3 5
38 0 .3 4 0 .3 9 0 .3 9 0 .3 4 0 .3 4
52 0 .3 1 0 .3 7 0 .3 8 0 .3 4 0 .3 4
75 0 .2 9 0 .3 7 0 .3 5 0 .3 4 0 .3 4
95.5 0 .3 0 0 .3 7 0 .3 5 0 .3 3 0 .3 2
116 0 .2 9 0 .3 5 0 .3 4 0 .3 1 0 .3 2
131 0 .2 9 0 .3 4 0 .3 4 0 .3 2 0 .3 2
156 0 .2 6 0 .3 5 0 .3 4 0 .3 1 0 .3 1
191 0 .2 6 0 .3 5 0 .3 4 0 .3 1 0 .3 1
245 0 .3 1 0 .3 7 0 .3 8 0 .3 3 0 .3 1
270 0 .2 9 0 .3 4 0 .3 4 0 .3 1 0 .3 4
340 0 .3 4 0 .3 8 0 .3 7 0 .3 3 0 .3 2
381 0 .3 5 0 .3 3 0 .3 4 0 .3 0 0 .3 0
476 0 .3 7 0 .3 6 0 .3 6
530 0 .2 6 0 .3 0 0 .3 2 0 .3 0 0 .3 1
830 0 .2 6 0 .3 3 0 .3 4 0 .3 1 0 .3 2
1220 0 .2 8 0 .3 4 0 .3 4 0 .3 1 0 .3 2
1700 0 .2 8 0 .3 4 0 .3 3 0 .3 2 0 .3 4
T h e re  was p r a c t i c a l l y  no change  i n  t e m p e r a tu r e  
th r o u g h o u t  t h e  t e s t .
\ ~fc6/e W
(IV) •B ay b es to s*  Bonded A s b e s t o s ,  C o n s ta n t  f o r  m ach ine  2 .8  lb #
i f t . /m in * " "  —........ ™  “ “ " 1
7 l b  lo a d  1 7 . E - lb  l o a d  2 7 .4  l b  l o a d  1 7 .2  l b  l o a d  2 2 .3  l b  lo a d  
7 l b / i n &  I 7 . 2 ~ l b / i n &  2 7 . 4 i l b / i n &  3 4 .4  l b / i n ^  4 4 .6  l b / i n &
0 .2 5 8 2 . 6 7 .2 1 1 .4 7 .0 8 . 8
0 .3 8 2 . 6 7 .0 1 1 . 0 7 .0 9 .2
0 .5 2 2 . 8 7 .4 1 2 . 2 7 .0 8 . 6
0 .7 5 3 .0 7 .4 1 2 . 0 7 .0 9 .2
1 .1 6 2 .4 7 .2 1 1 .4 7 .6 9 .5
1 .5 6 3 . 2 j 7 .6 1 2 . 0 7 .0 9 .0
2*45 3 .0 7 .4 1 1 . 8 7 .6 1 0 .4
3 .4 0 2*6 7 .0 1 1 . 0 7 .4 9 .6
4 .7 6 3 . 2 ; 8 . 2 1 2 . 2 7 .8 1 0 .4
M achine s to p p e d  t o  l o c h  E p i c y c l i c  Gear
2 5 .8 2 .4 7 .6 1 2 . 2 7 .4 9 .6
38 2 .4 7 .0 1 1 .4 7 .0 9 .2
52 2 . 6 7 .0 1 1 . 0 6 . 8 6 .0
75 2 .4 7 .2 1 1 . 2 7 .2 9 .6
9 3 .5 2 .5 7 .0 1 1 . E 6 . 8 9 .2
116 2 . 6 6 .4 1 0 . 6 6 .5 9 .0
131 2 .4 6 . 6 1 1 . 0 6 . 6 8 . 8
156 2 . 0 6 . 0 1 0 . 6 6 . 2 8 .4
191- 2 . 2 6 . 2 1 0 .4 6 .4 8 .4
245 2 . 6 7 .2 1 1 .4 7 .4 9 .6
270 2 .4 6 . 6 1 0 . 8 6 . 8 8 . 8
340 2 . 8 7 . 2 1 0 .4 7 .4 9 .4
381 2 . 2 6 . 2 1 0 . 0 6 .4 8 .4
476 2 .4 6 . 8 • -
530 2 . 2 6 . 2 1 0 . 0 6 . 0 7 .6
830 2 . 6 6 . 6 1 0 . 8 6 .4 8 . 6
1220 2 . 2 6 .4 1 0 .4 6 . 2 8 .4
1760 2 . 0 6 . 0 1 0 .4 6 .3 8 . 6
V
(IV) ’R g y b e s t o s ’ Bonded A s b e s t o s .  C o n s ta n t  f o r  m ach in e  2 .8  1b
C o e f f i c i e n t  o f  f r i c t i o n  yy 
Speed ______   _____________ _ _____________ _ ____  _____________
f t  . /m i n .  ^ ^ b / i n ^ - 1 7 .2  lb / in * *  2 7 .4  l b / i n ^  3 4 .4  l b / i n ^  4 4 .6  l b / i n &
0 .2 5 8 0 .3 7 0 .4 8 0 .3 8 0 .4 1 0 .3 9
0 .3 8 0 .3 7 0 .4 1 0 .4 0 0 .4 1 0 .4 1
0 .5 2 0 .4 0 0 .4 3 0 .4 4 0 .4 1 0 .3 9
0 .7 5 0 . 4 2 0 .4 3 0 .4 4 0 .4 1 0 .4 1
1 .1 6 0 .3 8 0 .4 2 0 .3 8 0 .4 4 0 .4 2
1 .5 6 0 .4 5 0 .4 4 0 .4 4 0 .4 1 0 .4 0
2 .4 5 0 .4 3 0 .4 3 0 .4 0 0 .4 4 0 .4 6
3 .4 0 0 .3 8 0 .4 1 0 .4 0 0 .4 3 0 .4 3
4 .7 6 0 .4 5 0 .4 7 0 .4 4 0 .4 5 0 .4 6
M achine s to p p e d  t o lo c k  E p i c y c l i c G e a r .
2 5 .8 0 .3 4 0 .4 4 0 . 4 0 .4 3 0 .4 3
38 0 .3 4 0 .4 1 0 .4 0 .4 1 0 .4 1
52 0 .3 7 0 .4 1 0 . 4 0 .3 1 0 .4 0
75 0 .3 4 0 .4 2 0 . 4 0 .4 1 0 .4 3
9 3 .5 0 .3 6 0 .4 1 0 . 4 0 .3 1 0 .4 1
116 0 .3 7 0 .3 7 0 .3 9 0 .3 7 0 .4 0
131 0 .3 4 0 .3 8 0 .4 0 0 .3 8 0 .3 9
156 0 .2 9 0 .3 5 0 .3 9 0 .3 6 0 .3 8
191 0 .3 1 0 .3 6 0 .3 8 0 .3 7 0 .3 8
245 0 .3 7 0 .4 2 0 .4 2 0 .4 3 0 .4 3
270 0 .3 4 0 .3 8 0 .3 9 0 .4 0 0 .3 9
340 0 .4 0 0 .4 1 0 .3 8 0 .4 3 0 .4 7
381 0 .3 2 0 .3 6 0 .3 7 0 .3 7 0 .3 8
476 0 .3 4 0 .3 9 - -
530 0 .3 2 0 .3 6 0 .3 7 0 .3 5 0 .3 4
830 0 .3 7 0 .3 8 0 .3 9 0 .3 7 0 .3 9
1220 0 .3 2 0 .3 7 0 .3 8 0 .3 6 0 .3 8
1700 0 .3 0 0 .3 5 0 .3 8 0 .3 7 0 .3 8
The m achine w orked sm o o th ly  w i t h  t h i s  m a t e r i a l . T h e re  i s  
l i t t l e  o r  no r i s e  i n  t e m p e r a t u r e ,  60° t o  1 0 0®SU
(V) The b r a k e  l i n i n g  m a t e r i a l  a s  now m a n u fa c tu re d  i s  a  
v e r y  much im proved  p r o d u c t .  A t e s t  was c a r r i e d  ou t on 
f r i c t i o n  f a b r i c  w h ich  was fo u n d  t o  be composed o f  A s b e s to s ,  
Magnesium Compound, F u l l e r fs E a r t h ,  and a b o u t  30 p e r  c e n t ,  
o f  c o t t o n ,  t h e  w hole  im p re g n a te d  w i t h  what t h e  m aker c a l l e d  
a  s e c r e t  ’F r i c t i o n 1 . I t  i s  a t  l e a s t  20 y e a r s  o ld  and had  
b e e n  s e n t  t o  t h e  L a b o r a to r y  o f  t h e  M echan ics  D epartm en t o f  
t h e  R o y a l  T e c h n ic a l  C o l le g e  f o r  t e s t i n g  p u r p o s e s ,  and had  
t o  be  g iv e n  up a s  no c o n s i s t e n t  r e s u l t s  c o u ld  b e  o b t a i n e d .  
The m ak ers  c la im e d  a  c o e f f i c i e n t  o f  0 . 4 .
U sing  t h e  F r i c t i o n  M achine t h e  f o l lo w in g  r e s u l t s  were
o b ta in e d
T a i/e  JLML , C o n s ta n t  f o r  m ach in e  2 .8  l h .
7 V o /ir f i  14 l f c / in S  1 7 .0 5  l b / i n 2
UVAM XV
f t  . / m i n . P u l l
l b .
2 5 .8 2 . 8 0 .8 0 4 .5 0 0 .6 4 5 9 .0 0 .6 9
38 2 .6 5 0 .7 6 4 .8 0 0 .6 7 5 .8 0 0 . 6 8
0 . 3 52 2 .4 5 0 .7 0 4 .8 0 0 . 6 8 4 .9 7 0 .5 9
75 2 . 6 0 .7 4 4 .5 5 0 .6 5 5 .8 5 0 . 6 8
t o 9 5 .5 2 .7 5 0 .7 8 4 .9 0 0 .7 0 5 .8 7 0 .6 9
116 - - • 6 .0 5 0 .7 1
0 .4 131 2 .7 0 .7 7 4 .8 5 0 .6 9 5 .6 5 0 . 6 6
156 - - — 6 . 0 0 0 .7 1
U sing 191 2 . 6 0 .7 4 4 .6 5 0 . 6 6 6 .0 5 0 .7 1
245 - • wm 5 .9 0 0 .6 9
B rake 270 2 .5 5 0 .7 3 4 .5 0 0 .6 4 5 .8 5 0 . 6 8
340 5 .7 5 0 . 6 8
W heel. 381 2 .4 5 0 .7 4 .2 0 0 .6 0 5 .5 7 0 .6 5
476 - • . . 5 .4 0 0 .6 3
530 - _ 5 .2 0 0 .6 2
830 _ .. - 5 .1 0 0 .6 0
1220 • _ • 5 .0 5 0 .5 9
1700 - - - - 4 .3 5 0 . 5
A ch an g e  i n  t h e  t e m p e r a tu r e  from  60° t o  2 5 0 °P . lo w e re d  
t h e / 6 - f'Toyn. 0 . 7  t o  0 . 2  when t a k e n  i n  c o n j u n c t i o n  w i t h  t h e  
1 7 ,0 5  l b  . / i n 2  p r e s s u r e .  R unning  a t  t h i s  t e m p e r a t u r e ,  250°P . 
f o r  f i v e  m in u te s  d e s t r o y e d  t h e  f a b r i c  m a t e r i a l .  I t  w ould
/o use
c e r t a i n l y  b e  d a n g e r o u s / t h i s  f r i c t i o n  f a b r i c ,  f o r  c o n t in u o u s  
lo w e r in g  p u r p o s e s  on a  m ine i n c l i n e .  The m a t e r i a l  a p p e a re d  
f a i r l y  h a r d  b u t  a  s o a k in g  i n  w a te r  a lm o s t  d e s t r o y e d  i t s  fo rm ,* ”^  
feven a t  low t e m p e r a tu r e  t h e  w ear  was e x c e s s i v e .
(VI) A f t e r  t h e  u s u a l  t e s t s  w ere  c a r r i e d  out on t h i s  p u re  
a s b e s t o s  f r i c t i o n  b r a k e  l i n i n g ,  •Chekko1, t h e  s m a l l  d r i v i n g  
p u l l e y  was r e p l a c e d  b y  a  2 2 - in c h  p u l l e y .  C a l i b r a t i o n  o f  t h e  
sp e e d s  o f  t h e  m ach ine  gave  t h e  f o i lo w in g
— -------   Sneed -  f t .  p e r -m i n . -------------------------------- -— -
^ G e a ? 1 1 0 7 0 1 1 0  1 - 5 7  J- - 9 4  2 »8 3  4 < 2 4  5 *2  8 *5 1 2 , 4  1 7 , 3  2 5 , 9
WlGear* E p i o y o l i c  1 4 2  175  305 421 587 815 1360 2040 2580
I t  w i l l  be  s e e n  on ex am in in g  t h e  p r e v io u s  t a b l e s  o f  
sp e e d s  t h a t  i n  t h e  p o r t i o n  m arked M a c h in e  s to p p e d  t o  l o c k  
E p i c y c l i c /
E p i c y c l i c  Gear* t h a t  th e n s p e e d  c h a n g e s  from  4 .7 6  t o  2 5 .8  
f t .  p e r  m in .  T h is  r a t h e r  b i g  ch an g e  i n  c r a w l  s p e e d s  h a s  
b e e n  b e a u t i f u l l y  s p a n n e d  by  t h e  l a s t  f i v e  s p e e d s  i n  t h e  
t o p  l i n e  o f  t a b l e , nam ely  5 .2  t o  2 5 .5  f t .  p e r  m in .  T h e re  
i s  a l s o  a  g a i n  o f  t h r e e  new to p  sp e e d s  1360 t o  2580 f t .  
p e r  m in .  The a u t h o r  does  n o t  recommend t h e  f r e q u e n t  u se  
o f  t h e s e  h i g h  s p e e d s  a s  t h e  E p i c y c l i c  G ear was d e s ig n e d  t o  
ru n  a t  v e r y  s low  s p e e d s .
(VI) ,C h eh k o l Bonded P u re  A s b e s to s ,  L ig h t  B r a s s  B o n d in g .  
7 a 6 /e  'x t v
C o e f f i c i e n t  o f  P r i c t i o n ,  M.
Sneeds ^
t . / m i n .  21>37  l b / i n 2  28 l b / i n 2  3 5 .6 5  l b / i n 2  4 5 .8 5  l b / i n 2
1 .3 7 0 .4 6 0 .4 3 0 .5 4 0 .5 4
1 .9 4 0 .4 7 0 .4 6 0 .5 5 0 .5 4
2 .8 3 0 .4 8 0 .4 7 0 .5 6 0 .5 4
4 .2 4 0 .4 8 0 .4 7 0 .5 7 0 .5 6
5 .2 0 .4 8 0 .4 9 0 .6 1 0 .5 8
8 .5 0 .4 9 0 .5 1 0 .6 3 0 .5 8
1 2 .4 0 .4 9 0 .5 3 0 .6 1 0 .5 8
1 7 .3 0 .5 0 0 .5 4 0 .6 0 0 .5 8
2 5 .5 0 .5 5 0 .5 5 0 .6 0 0 .5 9
M achine s to p p e d  t o lo c h  E p i c y c l i c G ea r .
96 0 .6 3 0 .6 4 0 .6 1 0 .6 0
136 0 .6 2 0 .6 2 0 .6 5 0 .5 8
142 0 .5 6 0 .6 3 0 . 6 6 0 .6 0
175 0 .5 8 0 . 6 6 0 .5 6 0 .5 9
305 0 .6 4 0 .6 0 0 .6 0 0 .5 5
421 0 .5 8 0 .5 5 0  • 62 0 .5 7
587 0 .5 6 0 .4 9 0 .5 3 0 .5 0
815 0 .5 4 0 .4 7 0 .5 3 0 .4 8
1360 0 .5 3 0 .4 5 0 .5 4 0 .5 1
2040 0 .4 8 0 .4 3 0 .5 2 0 .4 9
2580 0 .4 6 0 .4 1 0 .5 0 0 .4 9
Prom I % in c h  d i a m e te r  p u l l e y  d r iv e n  from  t h e  B .C . m o to r ,  
t h e  o t h e r  s e v e n  sp e e d s  o f  t h i s  s e r i e s  b e in g  n e g l e c t e d .
Wear T e s t  on fCheklcof Bonded A s b e s to s .
Room T e m p e ra tu re  a t  1 1 .5 5  a .m . 4 9 °P .
M ic ro m e te r  R e a d in g s  b e f o r e  T e s t  1 .9 1 2 5  (c o ld )
A f t e r  T e s t  1 .9 0 9 3  (c o ld )
D i f f e r e n c e  0 .0 0 3 2  in c h e s  == urea/
P u l l  on S p r in g b a l a n c e ,  9 .2  l b .  Z ero  R ea d in g  2 .8  l b .
Ba&anee a m ,  2 : 1 .
Speed 2000 f t .  p e r  m in u te .  Load 21% l b .
‘BDVcf^hs z2A///wv&0) XV3M
w i y Ayn-fUA
Time S p r in g  B a la n c e  
P u l l ,  l b .
T e m p e ra tu re v a l u e •
1 1 .5 5  a .m . 9 .2 4 9 ° ! ' . 0 . 6
12 9 .4
1 2 .1 5  p .m . 9 .3 5
1 2 .3 0 9 .2 5 6 5 °P .
1 2 .4 5 9 .1 5
1 9 .1 5 70 ° P . 0 .5 8
1 .1 5 9 .1 5
1 .3 0 9 .1 5 7 5 °P .
1 .4 5 9 .1 5
2 9 .1 5 7 5 ° J .
2 .1 5 9 .1 0
2 .3 0 9 .0 5
2 .3 5 0 .0 5 7 6 °P . 0 .5 6
Load ch an g ed t o  3 6 .6 5  l b . A
2 .5 0  p .m . 1 2 .4 5 7 5 °F . 0 .5 3
3 1 2 .5 5 80 °P .
3 .1 0 1 2 .5 8 8 5 °F . 0 .5 5
3 .4 0 1 2 .5 5 950F.
4 1 2 .5 5 1000P . 0 .5 4
4 .2 0 1 2 .5 1 0 5 °F .
4 .4 0 1 2 .4 5 1 1 0 ° F . 0 .5 3
4 .5 0 1 2 .4 5 1 1 0 ° F .
5 1 2 .4 5 1 1 0 ° P . 0 .5 4
Room T e m p e ra tu re  5 2 °!’. M ic ro m e te r  (1 .9 0 9 3  -  1 .9 0 8 9 )
s  0 .0 0 4  i n c h e s .
When t h e  ’C h ek k o 1 m a t e r i a l  i s  t o  he  s u p p l i e d  f o r
c l u t c h e s  t h e  m ak ers  p r e s c r i b e  a  s p e c i f i c  l o a d i n g  
1 2  t o  20 l b / i r f i ,  %n o rd eY  to  c a r r y  out
t e m p e r a tu r e  t e s t s  t a k i n g  two d i f f e r e n t  l o a d s  and s p e e d s ,  
3?our b u n se n  f la m e s  ^ a r ra n g e d  ro u n d  t h e  i n t e r i o r  o f  t h e  
r im  s u p p l i e d  t h e  h e a t .  I t  was a f t e r w a r d s  found  t h a t  
t h e s e  r e q u i r e d  t o  b e  augm ented by  t h e  a i d  o f  two blow  
lam p s ,  and t h e  b r a k e  w h e e l^ s h ie ld e d  from  t h e  c o ld  
d r a u g h t s  a s  much a s  p o s s i b l e .
•Chekko* Bonded A s b e s to s .  M icro , r e a d i n g s , 1 .9 2 0 7 .
Time T e m p e ra tu re  o f  Rim ° F .
C o e f f i c i e n t  o f  
F r i c t i o n , ^
Remarks 
D ia .  26"
2 .4 5  p .m . , 110 0 .5 8 S u r fa c e  d r y ,  Speed
1360 f t / m i n
2 .5 1 196 0 .5 6 S p e c i f i c  l o a d ,
21#  l b / i n 2
3 238 0 .5 3 Wheel p a r t l y  e n c lo s e d
3 .2 0  p .m . 242 0 .5 2 Speed 587 f t . / m i n .4 .1 0 163 0 .7 0 S p e c i f i c  Load 7 l b / i n
4 .1 8 70 0 .6 4 7 Wheel n o t  e n c l o s e d .

The e x c e s s i v e  wear  d u r i n g  t h e  f i r s t  p e r i o d  o f  w e a r -  
t e s t s  i s  more n o t i c e a b l e  w i t h  t h e  woven m a t e r i a l  t h a n  w i t h  
t h e  h i g h l y  p r e s s e d (  u n d e r  t e m p e r a t u r e ^  moulded m a t e r i a l .
The l a t t e r  can be m ach ined  and d o e s  n o t  r e q u i r e  much 
r u n n i n g - i n ,  s i n c e  t h e  b e a r i n g  s u r f a c e  i s  more r e g u l a r  t h a n  
w i t h  t h e  more s o f t  woven and im p r e g n a te d  m a t e r i a l .
Prom t h e  a v e r a g e  v a l u e s  o f  a  l a r g e  number o f  t e s t s  on 
woven f a b r i c  p u r e  a s b e s t o s  t h e  c u r v e s  i n  F i g .  9  have  been
p l o t t e d .  These  a ? a s  e x c e s s i v e  wear a t  ̂ Vw/0____l a l l y  dropp£o£
r i s e  i n  t e m p e r a t u r e  i s  a l m o s t  c o n s t a n t ;  w h i l e  t h e  v a l u e  o f  
t h e  c o e f f i c i e n t  o f  f r i c t i o n  f a l l s  u n i f o r m l y  o v e r  t h e  f i r s t  
f o u r  t e s t s ,  24 m i n u t e s ,  and t h e n  r e m a i n s  a lm o s t  c o n s t a n t  over  
a  l o n g  p e r i o d  t e s t .  The p e r i o d  o f  t im e  b e tw een  e a ch  t e s t  
was a  h a l f  m i n u t e ,  and t h e  f r i c t i o n  w hee l  was p r o t e c t e d  f rom 
c o l d  c u r r e n t s .
Between room t e m p e r a t u r e  and 300°F.  t h e  wear  a p p e a r s  t o  
be d i r e c t l y  i n  p r o p o r t i o n  t o  t h e  amount o f  work d i s s i p a t e d  a t  
t h e  b ra k e  w h ee l  r im .  Above 300°F .  t h e  wear  i s  e x c e s s i v e  
and grows r a p i d l y  f o r  a l l  Woven Bonded F a b r i c s ;  i t  i s  i n  t h i s  
r e g i o n  t h a t  f a b r i c s  c o n t a i n i n g  c o t t o n  become c h a r r e d .  The 
wear  f o r  n e a r l y  a l l  f a b r i c s  i s  t w i c e  a s  g r e a t  a t  520°  a s  a t  
260°F. f o r  s i m i l a r  s p e e d s .
E f f e c t  o f  Change o f  P r e s s u r e  and Speed T b u t  pv s  c o n s t a n t .
During t h e  t e s t s  w i t h  c o n s t a n t  t e m p e r a t u r e  r e g u l a t e d  by 
t h e  bunsen  gas  f l a m e ,  t h e  amount o f  w ear  was unchanged  by 
ad d in g  l o a d  and d e c r e a s i n g  s p e e d ,  o r  d e c r e a s i n g  l o a d  and 
i n c r e a s i n g  s p e e d ,  t o  g iv e  e q u a l  works  ( p . v . ) .  With  a  f a b r i c  
m a t e r i a l  h a v i n g  a  1 - v a l u e  i t  i s  found  b e t t e r  t o  work
down t o  an a -bw os^s ta t ionary  v a l u e  o f  wear  ; tfie cams show t h a t  t h e
w i t h  a low p - v a l u e , s a y  10 t o  12 l b / i n 2 maximum and a  h i g h  
r u b b i n g  speed  V. With t h e  h i g h  c o e f f i c i e n t  o f  f r i c t i o n  
f a b r i c s  a  p r e s s u r e  o f  30 l b / i n 2 i s  fo u n d  to  be more s u i t a b l e  
w i t h  low er  r u b b i n g  s p e e d .  T e s t s  c a r r i e d  o u t  on a  d r o p -  
hammer f e r o d o  b r a k e  l i f t i n g  t u p  showed t h a t ,  when 5 0 ,0 0 0  f t .  
l b .  p e r  s q . i n .  p e r  m in u te  wais demanded f rom  l i n i n g ,  t h e  
m a t e r i a l  wore o u t  v e r y  r a p i d l y  w i t h  a i r  c o o le d  b r a k e  r im  
p u l l e y ,  b u t  w i t h  w a t e r  c o o le d  b r a k e  p u l l e y  t h e  wear  was n o t  
e x c e s s i v e .  A l l  t e s t s  c a r r i e d  o u t  on t h e  v a r i o u s  f a b r i c s  
show t h a t  i t  i s  n o t  a d v i s a b l e  t o  d e s i g n  f o r  more t h a n  
1 2 ,5 0 0  f t . l b .  p e r  s q . i n .  p e r  m i n u t e .  A g r a p h  showing 
s p e c i f i c  work ,  H . P . h r .  p e r  s q . i n .  p l o t t e d  on t e m p e r a t u r e  °F .  
i s  g i v e n  a t  F i g .  J O ,
E f f e c t  o f  B ap id  H e a t in g  on A  -  v a l u e .
A new b r a k e  l i n i n g  h a v i n g  a ^ - v a l u e  * 0 .4 8  a t a 350 F.
i s  a p p l i e d  t o  t h e  b r a k e  whee l  w hich  when r u n n i n g  h a s  t h e  
t e m p e r a t u r e  r a i s e d  t o  n e a r l y  350°F.  b e f o r e  a p p l y i n g  t h e  b r a k e .  
A f t e r  t h e  b r a k e  i s  a p p l i e d  t h e  t e m p e r a t u r e  r i s e s  r a p i d l y  t o  
5 7 5 ° F . ,  t im e  a p p r o x i m a t e l y  10 m i n u t e s .  T h e ^ - v a l u e  o f  t h e  
m a t e r i a l  i s  r e d u c e d  t o  0 .1 8  and may be  t a k e n  on a v e r a g e  a s  
0 . 2  f o r  20 m in u te s  b e f o r e  d i s i n t e g r a t i o n  o f  l i n i n g  m a t e r i a l  
t a k e s  p l a c e .  The same m a t e r i a l  a t  £25°F .  h a s / * - v a l u e  a 0.4; 
b u t  when r a i s e d  to  575°F .  i n  10 m in u te s  h a s  s t i l l ^ a / * - v a l u e  
“  0 . 3 5 ,  and n e v e r  g o es  u n d e r / ^  s  0 . 3 .  In  b o t h  c a s e s  t h e  
v a l u e  i n c r e a s e s  a s  d i s i n t e g r a t i o n  o f  l i n i n g  t a k e s  p l a c e  
c a u se d  by t h e  b i n d i n g  m a t e r i a l  becoming p l a s t i c . .  I t  was 
a l s o  found t h a t  t h e  more s lo w ly  a b r a k e  l i n i n g  i s  h e a t e d  up 
t h e  l e s s  l i k e l y  i s  t h e  b o n d in g  m a t e r i a l  t o  l e a v e  t h e  f a b r i c .  
The g r a p h ,  F i g , / /  , shows how t h e  c o e f f i c i e n t  o f  f r i c t i o n  
v a r i e s  w i th  t e m p e r a t u r e  i n  a  number o f  f a b r i c s .  Taking  an 
a v e r a g e  o f  f i v e  d i f f e r e n t  makers* l i n i n g s ,  t h e  maximum T ^ v a lu e  
i s  a b o u t  250°F. and t h e  minimum 400°F .
E f f e c t /
E f f e c t  o f  R oughen ing  S u r f a c e  o f  Brake  Rim. -  
Some c o t t o n  and duck f a b r i c s  have  b ee n  t e s t e d  w hich  were 
made w i t h  a  s u l p h u r  g r e a s y  compound i n c o r p o r a t e d  w h i l e  u n d e r  
p r e s s u r e .  I t  was fo u n d  t h a t  o x i d i z a t i o n  to o k  p l a c e ,  and 
sm oo thness  o f  a c t i o n  soon d i s a p p e a r e d .  Where c a s t  i r o n  drums 
hav e  b e e n  r o u g h e n e d  by a  f i l e  i t  h a s  b e e n  o b s e r v e d  t h a t  t h e  
f a b r i c  l i n i n g  s u f f e r s  v e r y  s e v e r e l y ,  and  a f t e r  a  r e l a t i v e l y  
s h o r t  t i m e ,  i t  i s  u n f i t  f o r  u s e .  An i r o n  cement was a p p l i e d  
t o  a  s m a l l  p u l l e y  r im  and Ferodo  F i b r e  was u s e d  a s  a  b r a k e .  
Under  t h e  a p p l i c a t i o n  o f  a v e r y  l i g h t  p r e s s u r e  wear  was 
e x c e s s i v e  and h e a t  g e n e r a t e d  r a p i d l y ,  showing t h a t  i n  b r a k e  
l i n i n g s  a b r a s i o n  m a t e r i a l  would be d e t r i m e n t a l .
E f f e c t  o f  A p p ly in g  W ater  o r  L u b r i c a n t s  t o  B rak e  W h ee l . -  
I n  t h i s  s e t  o f  e x p e r i m e n t s , "Baybestosf' ,  bonded  a s b e s t o s  
b r a k e  l i n i n g  i s  u s e d .  The sp eed  i s  k e p t  ( a p p r o x . )  c o n s t a n t  
a t  1.0QQ f t .  p e r  m i n u t e ,  V, and w i t h  a p r e s s u r e  o f  45 l b / i n 2  
t h e / * . - v a l u e  i s  0 . 3 8 .  E a i s i n g  t h e  t e m p e r a t u r e  o f  t h e  b r a k e  
r im  i s  f o l l o w e d  by a  d ro p  i n  t h e  v a l u e  o f  t h e  c o e f f i c i e n t  
o f  f r i c t i o n .  Removing t h e  b u n sen  b u r n e r s  and a p p l y i n g  w a t e r  
t o  t h e  s u r f a c e  o f  t h e  b r a k e  r im  lo w e r s  the/** — v a l u e  
c o n s i d e r a b l y  and a s  l o n g  a s  t h e  w a t e r  i s  a l lo w e d  t o  w e t  t h e  
b r a k e  s u r f a c e  o f  t h e  w hee l  t h i s  c o e f f i c i e n t  becomes s m a l l e r .
On rem oving  t h e  w a t e r  and a g a i n  a p p l y i n g  h e a t  t h e ^ - v a l u e s  
r i s e s  a s  t h e  m o i s t u r e  d r i e s  o f f  and i s  n o t e d  t o  be g r e a t e r  than; 
o r i g i n a l  s t a r t i n g  v a l u e .  A s e r i e s  o f  t h e s e  changes  a r e  
shown, F i g . / ^ ,  i n  o r d e r  t o  d e p i c t  t h e  v a r i o u s  c h a n g e s ;  
shocks  o r  shudders a r e  s ee n  on t h e  b r a k e  w h e e l* s  m o t io n .
When m o i s t  c o n d i t i o n s  p r e v a i l  d u r i n g  t e s t s  t h e  f o l l o w i n g  
changes  a r e  n o t i c e a b l e :
(1) t h a t  t h e  h i g h  r u b b i n g  v a l u e  o f  t h e  f r i c t i o n  f a b r i c  
m a t e r i a l s  change  when w o rk in g  o-n. ct u ja . t e *  ! u  f a i c a t e d •
(2)  tha.ty£c- v a l u e s  f o r  a l l  m a t e r i a l s  a r e  lo w e re d  by one t h i r d  
d r y  t e s t  va lues ; ;
( 3 ) /
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(3) That  a  t h i n  c o a t i n g  o f  r u s t  o r  i r o n - o x i d e  h a s  b e e n  
fo u n d  t o  l o w e r  t h e A —v a l u e  by  one h a l f .
The pad  p i e c e s ,  i n  one t e s t ,  a f t e r  b e i n g  f i t t e d  t o  t h e
c u r v a t u r e  o f  t h e  b r a k e  drum were  a l l o w e d  t o  s o a k  i n  w a t e r
f o r  t h r e e  d a y s .  The f a b r i c  m a t e r i a l  was d ry e d  on b l o t t i n g
t he
p a p e r  and p l a c e d  i n X h o l d e r .  I t  o n ly  r e q u i r e d  a  s eco n d  o r  
two t o  r e a c h  t h e  maxim - v a l u e  y e t  t h e r e  c e r t a i n l y  was
The l i n i n g  was n o t  d e s t r o y e d  by  t h e  m o i s t u r e a n ^ . i t d i d  'not' 
a p p e a r  t o  a f f e c t  t h e  l i n i n g  a f t e r  t h e  f i r s t  t e s t  r u n  w hich  
p o i n t e d  t o  t h e  f a c t  t h a t  t h e  s u r f a c e  m o i s t u r e ,  r a t h e r  t h a n  
p e n e t r a t i o n  o f  w a t e r  i n t o  t h e  bonded f a b r i c ,  was t h e  cau se  
of  t h e  t e m p o r a r y  change  i n  t h e  v a l u e  of  t h e  f r i c t i o n  
c o e f f i c i e n t .
To p r e v e n t  o i l  o r  w a t e r  d r i p  r e a c h i n g  t h e  r u b b in g  
s u r f a c e ,  r u b b e r  c o a t i n g  i n  t h e  form o f  a  s o l u t i o n  h a s  b e e n  
t r i e d  on t h e  b r a k e  l i n i n g  l e a d i n g  e d g e .  i . e .  t h e  f i r s t  edge 
o p p o s in g  t h e  m o t io n  of  w h e e l .  E x p e r im e n t s  on p a d s  w i t h  
r u b b e r  s o l u t i o n  on edges  were  n o t  c a r r i e d  t o  any l e n g t h ,  
b u t  showed c l e a r l y  t h a t  f l u i d  c o u ld  be  g u id e d  p a s t  t h e  b r a k e  
s u r f a c e  by t h i s  s im p le  c o n t r i v a n c e .
E f f e c t  of  L u b r i c a n t  on F a b r i c  M a te r i a , ! .
Apart  f rom t h e  l o w e r i n g  o f  t h e / # - v a l u e , l u b r i c a t i o n  
d i d  not  d e s t r o y  i n  any way t h e  d i e  p r e s s e d  f a b r i c  m a t e r i a l ,  
w h ic h ,  f r e e d  f rom o i l ,  soon  r e g a i n e d  i t s  normal  c o e f f i c i e n t  
of  f r i c t i o n  v a l u e .  .On h e a t i n g  up t h e  b r a k e  wheel  when 
t a l l o w  had  b e e n  a p p l i e d  t o  t h e  b r a k e - p a d  s u r f a c e s ,  v e r y  
e r r a t i c  g r i p p i n g  was shown on t h e  w h ee l* s  m o t i o n .  The 
p a s s i n g  from l u b r i c a t i o n  f i l m  t o  b o u n d a ry  l u b r i c a t i o n  and 
t h e n  t o  d ry  c o n d i t i o n  c o u ld  c l e a r l y  be  s e e n .  I t  was n o t  
i n t e n d e d  i n  t h i s  ( i n v e s t i g a t i o n  t o  t r y  out t h e  d i f f e r e n t  
l u b r i c a t i n g  o i l s  t e s t e d  i n  t h e  a u t h o r * s  second  i n v e s t i g a t i o n ,  
b u t  as  a  m a t t e r  o f  i n t e r e s t  a  s e t  of  b r a k e  p a d s  was s p a r i n g l y  
t r e a t e d /
a  d i s t i n c t  l a g  i n  r e a c h i n g  z t - v a l u e  found  i n  p r e v i o u s  t e s t s .
t r e a t e d  w i t h  Bayonne o i l ,  c a s t o r  o i l ,  and t a l l o w .
The m i n e r a l  o i l  was soon ru b b ed  o f f  and  t h e  c o e f f i c i e n t  of  
f r i c t i o n  o f  t h e  f a b r i c  c h a n g ed  r a p i d l y  f rom 0 . 1  t o  0 . 3 5 .
The t a l l o w  a p p e a r e d  t o  l a s t  l o n g e r  a s  a  l u b r i c a t i n g  medium 
w i t h  a  c o e f f i c i e n t  of  0 . 1 5  r i s i n g  t o  0 . 3 5 .  The c a s t o r  o i l  
d i d  a p p e a r  t o  a f f e c t  t h e  l i n i n g  b u t  i n  r a t h e r  a  p e c u l i a r  way 
a s  i t  gave  a  f r i c t i o n  c o e f f i c i e n t  r e a d i n g  of  n e a r l y  0 . 2  and 
a t  one t im e  t h i s  v a l u e  r e a c h e d  0 . 4 1  showing t h a t  t h i s  o i l  
had  a c t e d  as  a  d r e s s i n g ;  on r u n n i n g  f o r  some t im e  t h e  
v a l u e  f e l l  t o  0 . 3 5  w h ich  was t h e  d ry  c o e f f i c i e n t  v a l u e  o f  t h e  
f a b r i c  u n d e r g o i n g  t e s t .
On t h e  f r i c t i o n  m ach ine  e x p e r i m e n t s  have  b ee n  c a r r i e d
out  w i t h  d r y  and t a l l o w  c o a t e d  c o t t o n  o r  duck b e l t i n g .
As t h i s  i s  a  f a b r i c ,  w h ich  when im p re g n a te d  w i t h  r u b b e r ,  h a s
b e e n  u se d  f o r  b r a k e  l i n i n g s ,  a  few r e a d i n g s  a r e  g i v e n ;
f u l l e r  t e s t s  on t h i s  s u b j e c t  from a  d i f f e r e n t  p o i n t  of  v iew
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have  b e e n  made a t  t h e  R oya l  T e c h n i c a l  C o l l e g e  by L a i r d  
T h i s  p a p e r  d e a l s  w i t h  "V isco u s  e f f e c t s  i n  Dynamometer B e l t s " ,  
and t h e  a u t h o r  i n  r e a d i n g  o v e r  t h i s  p a p e r  f o r  p u b l i c a t i o n  
p u r p o s e s  soon d i s c o v e r e d  t h a t  L a i r d * s  i n v e s t i g a t i o n s  p o i n t e d  
t o  t h e  f a c t  t h a t  t h e  f o l l o w i n g  fo rm u la
T1 =  Te ( ~ g ^ / ) ’ where Te =  T1 - t 2
e f f e c t i v e  t e n s i o n ,  was n o t  e a s y  o f  m a n i p u l a t i o n ,  s i n c e  t h e
d i f f e r e n c e  i n  t e n s i o n s  depends  on b e l t  c r e e p  and s l i p ,  a r c
o f  c o n t a c t  b e tw e e n  b e l t  and p u l l e y  f a c e ,  c h a r a c t e r  o f  p u l l e y
s u r f a c e  and b e l t  s u r f a c e ,  a l s o  v e l o c i t y  o f  b e l t .  I n  t h e
d r y  c o t t o n  b e l t  t e s t s  a  s l i g h t  f o r m a t i o n  o f  ox ide  on t h e
b r a k e  r im  gave v a r i a b l e  r e a d i n g s ;  t h e  h u m i d i t y  o f  t h e
a tm o s p h e r e ,  o r  t h e  l e a s t  t r a c e  o f  m o i s t u r e  i n  t h e  room
c a u s e d  v a r i a t i o n s  i n  t h e  r e a d i n g s .  On t h e  i n t r o d u c t i o n  o f
a n o t h e r  v a r i a b l e ,  namely a  t a l l o w  c o a t i n g  on t h e  c o t t o n
b r a k e  b an d ,  made T^ -  Tq s t i l l  more v a r i a b l e ,  and t h e  u s u a l
b e l t /

7  ^b e l t  f o r m u l a  ~=^“ =" £  was n o t  a p p l i c a b l e  as  t h e  t e s t
r e s u l t s  show, From t h e  c u r v e  p l o t t e d  f rom e x p e r i m e n t a l  d a t a
L a i r d  gave  t h e  f o r m u l a  *  w here
/? s  c o e f f i c i e n t  o f  v i s c o s i t y ;  A i s  t h e  a r e a  of  f i l m  i n  s h e a r
o r  a r e a  o f  c o n t a c t  b e tw e e n  t h e  b e l t  and t h e  w h e e l ;  V i s  t h e
sp ee d  o f  s l i p p i n g ;  and V/ i s  c a l c u l a t e d  from end t e n s i o n s  as  
7 + 7 - * ^
z
The r e s e m b l a n c e  b e tw e en  t h e  f o r m u la  g i v e n  i n  t h e  
a u t h o r * s  i n v e s t i g a t i o n  of  l u b r i c a n t s  s u b m i t t e d  as  p a r t  of  
t h i s  t h e s i s  i s  v e r y  n o t i c e a b l e ,
(1) L a i r d  *s (t , -  7s)  —
(2) A u th o r * s  zl =  l u b r i c a t e d  b e a r i n g .
z  /y  ^
(5) Bosw&ll*sy u ,  =  fo r  c l e a r a n c e  b e a r i n g s .
(4) Dry  b e l t i n g  C77 7^-) —
I f  t h e  t e s t i n g  o f  l u b r i c a t e d  c o t t o n  b e l t i n g  e n t a i l s
t h e  c o n s i d e r a t i o n  o f  f i l m  l u b r i c a t i o n  w i t h  a l l  i t s  i n h e r e n t
d i f f i c u l t i e s .  F a b r i c  Brake  L i n i n g s ,  w h ich  a r e  made from
bonded a s b e s t o s  ( p lu s  i n  some c a s e s  10 t o  50 p e r  c e n t  o f
c o t t o n ) , b r a s s  w i r e  (which  does  n o t  a lw ays  hav e  t h e  same
b e a r i n g  s u r f a c e ) , and b o n d in g  m a t e r i a l  ( w i th  v a r y i n g
v i s c o s i t y ) ,  added t o  t h e s e  t h e  p o s s i b i l i t y  of  o i l  o r  w a t e r  
, , . Aayel u b r i c a t i o n  on b r a k e  w hee l  r i m , / g i v e / i t o  thcs  i n v e s t i g a t i o n  
a  most d i f f i c u l t  number  of  v a r i a t i o n s  and c o m p l i c a t e d  
c o m b in a t io n s  o f  v a r i a b l e s .
C o n s i d e r i n g  t h e  c u r v e ,  F i g .  / 3  which  h a s  b e e n  t a k e n  
from a  bonded a s b e s t o s  l i n i n g ,  t h e r e  a r e  t h r e e  d i s t i n c t  
p h a s e s  i n  t h i s  c u r v e  w hich  may be  d e n o te d  by t h e  ( l )  B r a s s  
or  M eta l  p l a n e ,  (2) C o m p o s i t io n  s t a g e ,  (3) A s b e s to s  P l a n e ;  
t h i s  i s  assum ing  no c o t t o n  m i x t u r e  i n  f a b r i c .
The p o r t i o n  f . d .  f e p r e s e n t s  t h e  c u rv e  o f  a s b e s t o s  a lo n e ,  
The p o r t i o n  a . e .  r e p r e s e n t s  t h e  c u rv e  o f  b r a s s  o r  m e t a l  
a l o n e ,  where  a , b , c , d  i s  t h e  a c t u a l  c u rv e  o b t a i n e d  f o r  t h e  
m a t e r i a l .  The f i r s t  p o r t i o n  o f  t h e  c u r v e ,  namely l i n e  AA 
a p p e a r s /
a p p e a r s  t o  be  d e t e r m i n e d  by t h e  i n t e n s i t y  o f  t h e  l o a d i n g ,  
b e i n g  n e a r  t o / f c  a x i s  t h e  h i g h e r  t h e  l o a d i n g  becom es .
The m e t a l  c u r v e  shows l i t t l e  ch an g e  w i t h  i n c r e a s e  o f  speed  
o f  r u b b i n g ,  b u t  i n  t h e  " c o m p o s i t e  s t a g e ” t h e y t - v a l u e  
i n c r e a s e s  r a p i d l y  w i t h  t h e  i n c r e a s e  o f  speed..  The a s b e s t o s  
p a r t  o f  c u r v e  d e c r e a s e s  w i t h  t h e  i n c r e a s e  o f  s p e e d ,  v e r y  
r a p i d l y  a t  f i r s t  and t h e n  becomes  more n e a r l y  c o n s t a n t .
(1) f o r  m e t a l ■ 0 . 3  t o  0 . 3 8  a v e r a g e  0 . 3 4  d e p e n d in g
/  on t h e  m e t a l  u s e d .
(2) c o m p o s i t e  m a t e r i a l  (m e ta l , ,  a s b e s t o s  p l u s  b o n d in g
m a t e r i a l )  i n c r e a s e s  a t  t h e  r a t e  o f  0 . 1 5
p e r  100 f t .  p e r  m i n u t e .
0*o3
(3) f o r  a s b e s t o s s= 0 . 4 3  speed  t h i s  b e i n g
an a v e r a g e  d e r i v e d  from c u r v e s  w i t h  7 l b  and 28 l b  p e r  s q . i n .
p r e s s u r e  l o a d i n g ;  t h e  e q u a t i o n s  f o r  t h e  c u r v e s ,  P i g .  A3*..
On J?o
b e i n g  (a) l o g ^ ^  = - 0 . 3 5  - ^ . 0 2  l o g  s p e e d .
(b) logyoc  s  - 0 . 3 8  -<?.Q4 l o g  s p e e d .
U sing  as  a  l u b r i c a n t  m ach ine  o i l  ch an g es  t h e  c o e f f i c i e n t  
i n  t h e  p h a s e  ( l )  f rom  0 . 3  t o  0 . 1  i n  f o u r  m i n u t e s ,  and t h e  
a s b e s t o s  when l u b r i c a t e d  s t i l l  l o w e r s  i t h i s  v a l u e  and a t  t h e  
end o f  a n o t h e r  p e r i o d  o f  f i v e  m i n u t e s  t h e ^ /d -v a lu e  h as  become 
0 . 0 2 .  I n  t h e  c a s e  o f  p r e s s e d  b l o c k  l i n i n g s  t h e  l o w e s t  
v a l u e  r e a c h e d  was 0 . 0 8  w hich  i s  a lm o s t  e q u a l  t o  m e t a l  on 
m e t a l .  C u r v e s ,  P i g .  / 4  have  b e e n  drawn t o  i l l u s t r a t e  t h e  
changes  w hich  t a k e  p l a c e  i n  t e m p e r a t u r e  a n d / * . -  v a l u e s  when 
l u b r i c a n t  i s  used  on t h e  Brake  W heel .
COITSIDERAT 10U OP RESULTS ON BRAKE LIIJIETGS 
Prom t h e  f o r e g o i n g  e x p e r i m e n t a l  r e s u l t s  g i v e n  i n  t h i s  
i n v e s t i g a t i o n  i t  w i l l  be  s e e n  t h a t  a  wide v a r i a t i o n  o f  r e s u l t s  
i s  due t o  t h e  v a r i a b l e  n a t u r e  o f  t h e  combined m a t e r i a l s  and 
t h e i r  method  o f  m a n u f a c t u r e .  The A s b e s to s  P i b r e s  a r e  washed 
w i t h  m i n e r a l  a c i d s  i n  o r d e r  t o  make t h e  f i b r e s  more absorbent*  , 
and a l s o  t o  p r e v e n t  c o - a g u l a t i o n  o f  r u b b e r  w h i l e  t h e y  a r e  
b e i n g  im p re g n a te d  w i t h  l a t e x .  Thej p e r c e n t a g e  m i x t u r e  i s  
u s u a l l y /
u s u a l l y  80 a s b e s t o s  t o  20 r u b b e r ;  t h e  l a t e x  u s u a l l y  forms 
50 p e r  c e n t ,  s o l i d  c o n t e n t ,  and v e g e t a b l e  f i b r e s  may r e p l a c e  
a s b e s t o s  i n  p a r t .  S u l p h u r  may a l s o  be  a d d e d .  T h i s  i n  t h e
i >
I n v e s t i g a t i o n  on L u b r i c a n t s  h a s  b e e n  p l a c e d  among t h e
m a t e r i a l s  u s e f u l  f o r  c a r r y i n g  away h e a t  f rom an o v e r - h e a t e d
j o u r n a l  b e a r i n g .  The m i x t u r e  o f  m a t e r i a l s ,  A s b e s t o s ,
R u b b e r ,  S u l p h u r ,  e t c .  i s  made i n t o  a  dough;  t h i s  i n  t h e
c a s e  o f  t h e  A s b e s to s  Bonded B rah e  L i n i n g s  i s  f o r c e d  i n t o
t h e  meshes  o f  t h e  w i r e  f a b r i c ,  and p u t  i n t o  m oulds  i n  t h e
c a s e  o f  moulded  l i n i n g s  w i t h o u t  m e t a l .  A f t e r  b e i n g  a l l o w e d
t o  s e t  a t  a  m o d e r a t e  h e a t ,  1 5 0 ° F . ,  i n  a  vacuum d r i e r ,  t h e
s l a b  o r  mould i s  c o m p ressed  t o  a b o u t  o f  i t s  i n i t i a l
t h i c k n e s s .  The s l a b s  and t h e  moulds  a r e  k e p t  h e a t e d  w h i l e
u n d e r  h y d r a u l i c  p r e s s u r e ,  and t h i s  t e n d s  to w a rd s  c o n s t a n c y
v a r y
of  f i n i s h e d  m a t e r i a l .  The t e m p e r a t u r e  o f  t h e  m o u ld s / f ro m  
275 t o  400°:F. and t h e  h y d r a u l i c  l o a d  a p p l i e d  may be  s u c h  as  
t o  g i v e  50 t o n s .
(1) These  l i n i n g s  hav e  a  h a r d n e s s  o f  Rochw el l  ITo.B. and 
c a n  b e  m a ch in e d .  Thus when a  b r a k e  s t r a p  a r r a n g e m e n t  i s  
p r o p e r l y  d e s ig n e d  t o  g iv e  u n i fo r m  p r e s s u r e ,  t h e  l i n i n g  may 
b e  made t o  f i t  c l o s e l y  on t o  t h e  b r a k e  w h e e l .  A f a u l t  found 
i n  c a r r y i n g  ou t  e x p e r i m e n t s  w i t h  f a b r i c  m a t e r i a l  made i n  
1926 was t h e  l a c k  o f  smooth s u r f a c e .
(2) The d i s c a r d i n g  o f  t h e  m e t a l  b i n d e r  i s  a n o t h e r  
d i s a d v a n t a g e  b r o u g h t  ou t  by t h i s  i n v e s t i g a t i o n  owing tQ 
q u a n t i t y  o f  m e t a l  s u r f a c e  exposed  t o  r u b b i n g  wear  n o t  b e i n g  
u n i fo r m .
(3) The m a t e r i a l  as  now m a n u f a c t u r e d  i s  n o t  d e s t r o y e d  by 
e x p o s u re  t o  w a t e r  o r  o i l ,  b u t  t h i s  does  n o t  mean t h a t  an 
o i l e d  s u r f a c e  can  be  u sed  f o r  a  heav y  l o a d  b r a k e  o r  f r i c t i o n  
c l u t c h .  The f a b r i c  m a t e r i a l  b e h a v e s  i n  t h e  same m anner  as  
a l l  l u b r i c a t e d  m e t a l  s u r f a c e s  s u b j e c t e d  t o  r u n n in g  speed  and
p r e s s u r e .  The a s b e s t o s  c o m p o s i t i o n  ca n  b e  u s e d  f o r  c l u t c h e s  
d e s i g n e d  f o r  w o rk in g  i n  o i l .  T h i s  i s  t h e  m a t e r i a l  u s e d  i n  
combined  c l u t c h  and c h a n g e - s p e e d  l e v e r  g e a r .
(4) T e m p e ra tu r e  e f f e c t s  a r e  s u c h  t h a t  w i t h  many b u i l t  up 
f a b r i c s  e x c e s s i v e  w ea r  t a k e s  p l a c e  a t  h i g h  t e m p e r a t u r e s .
The t e m p e r a t u r e ,  w i t h  t h e  newer  h o t - p r e s s e d  l i n i n g s ,  may now 
r e a c h  5000JV  w i t h o u t  d e s t r u c t i o n .
(5) Wear,  w h ic h  was m e a su re d  by  change  o f  t h io k m e s s  i n  a  
g i v e n  t i m e ,  o r  b y  change  o f  w e i g h t  o v e r  a  g i v e n  p e r i o d  o f  
r u b b i n g ,  h a s  b e e n  m ea su re d  by  a b s o r p t i o n  o f  e n e r g y  p e r  u n i t
of  volume (one c u b i c  c e n t i m e t r e )  and e x p r e s s e d  i n  h o r s e - p o w e r  
h o u r s  p e r  c u b i c  c e n t i m e t r e  o r  f t . l b .  p e r  ra in ,  p e r  s q . i n .  ¥{g ^
o f
T h i s  m e t h o d / m e a s u r i n g  w ear  co u ld  be  s t a t e d  as  an i n d e x  
o f  t h e  p e f f o r m a n c e  o f  b r a k e  l i n i n g s ,  and c o u l d  be  made a  b a s i s  
o f  c o m p a r i s o n ,  h o r s e  power  h o u r s  p e r  c u b i c  c e n t i m e t r e ,  b u t  
must n o t  be  t a k e n  when making a  c o m p a r i so n  b e tw e e n  s e r v i c e  
b r a k e s  f i t t e d  t o  m ac h in e s  where  e x c e s s i v e  p r e s s u r e  may be  
a p p l i e d  i n t e r m i t t e n t ^ a n d  f o r  s h o r t  p e r i o d s .  The b r a k e s  a r e  
n e v e r  a l lo w e d  t o  c o o l  b u t  a r e  u sed  a t  p e a k  t e m p e r a t u r e s  where 
wear  i s  e x c e s s i v e .
(6) The n a t u r e  o f  t h e  s u r f a c e  o f  t h e  b r a k e  r im  i s  a  
d e c i d i n g  f a c t o r .  I n  t h e  m ain  t e s t s  a  c a s t  i r o n  b r a k e  drum 
was u s e d ,  b u t  moulded  t y p e  o f  b r a k e  l i n i n g  h a s  b een  p ro v ed  
more s u i t a b l e  t o  u s e  w i t h  low c a r b o n  s t e e l  p r e s s e d  drums t h a n  
bonded a s b e s t o s .  M e t a l ,  i n t r o d u c e d  t o  s t r e n g t h e n  t h e  y a r n ,  
c a u s e s  s e i z u r e  t o  t a k e  p l a c e  w hich  i s  f o l l o w e d  by  a  f l u c t u a t i n g  
f r i c t i o n a l  v a l u e  w h ic h  r e s u l t s  i n  1 s n a tc h *  o r  1 shudder*  ahd 
b r a k e  drum s c o r i n g .
At s low c ra w l  s p ee d s  * s n a tc h *  and * shudder*  i s  v e r y  
n o t i c e a b l e  i n  t h e  c a s e  o f  h i g h ^ - v a l u e  f a b r i c  m a t e r i a l .
Whi/e t h e  l o w ^ - v a l u e  m a t e r i a l  su ch  as  b r e k o ,  w i t h  i t s  low 
s t e a d y  f r i c t i o n a l  v a l u e  o f  0 . 2 8  t o  0.25^ p r o v i d e s  a  smooth aad 
f a i r l y /
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f a i r l y  r a p i d  r e t a r d a t i o n .  This c l a s s  o f  m a t e r i a ^ u s e d u / i i i a  
low b e a r i n g  p r e s s u r e ^ w a s  found  t o  be  good f o r  e l e c t r i c  
l i f t i n g  c r a n e s  and h o i s t i n g  m a c h i n e r y ,  a  f a c t  c o n f i rm e d  by  
t e s t s  c a r r i e d  out  b y  M e s s r s .  Adamson a t  t h e i r  c r a n e  w o r k s .
CONCLUSIONS Oil BRAKE LUTINGS 
T h i s  i n v e s t i g a t i o n  had  f o r  i t s  aim t h e  c o m p a r i so n  of  
f a b r i c  l i n i n g s  a s  m a n u f a c t u r e d ,  a  g r o u p in g  t o g e t h e r  of  t e s t  
r e s u l t s  as  r e q u i r e d  by  t h e  e n g i n e e r ,  an enco u rag em en t  t o
s t a n d a r d i z a t i o n  of  t e s t s ,  and  q u a l i t y  of  m a t e r i a l  u s e d .
yesuJ&s (a
S in c e  t h e  f i r s t / o f  t h e s e  t e s t s  w ere  p u b l i s h e d *950, m a n u f a c t u r e r s
have  im proved  t h e i r  r u n n in g  t e s t s ,  and g u i d e d  by  r e s u l t s
o b t a i n e d  by  t h e s e ,  and o t h e r  e x p e r i m e n t e r s 1 r e s u l t s
d u r a b i l i t y  when c o n s i d e r a t i o n  i s  t a k e n  o f  d u t y  imposed t h e y
have gone on c r e a t i n g  new and b e t t e r  m a t e r i a l s  s u i t e d  f o r
c a r r y i n g  h e a v i e r  l o a d s ,  i n c r e a s i n g  s p e e d s ,  and s t o p p i n g
powers when s u d d e n ly  a p p l i e d  t o  moving m a c h i n e r y .
Much of  t h e  d a t a  g i v e n  i n  t h i s  i n v e s t i g a t i o n  a r e
a p p l i c a b l e  t o  F r i c t i o n  C l u t c h e s  and F r i c t i o n  Spur  and b e v e l
w h e e l s .  The o n ly  d i f f e r e n c e  i s  i n  t h e  r a n g e  o f  p r e s s u r e s
a p p l i e d  i n  c l u t c h e s  and w h ee ls  w h ich  may v a r y  from 25 t o  75
l b ,  p e r  s q . i n . ,  w h e re a s  i n  b r a k e  l i n i n g s  t h e  p r e s s u r e  on an
a v e r a g e  i »  ab o u t  15 l b .  p e r  s q . i n .  w i t h  a  maximum of  50 l b .
p e r  s q . i n .  Even a  lo w e r  p r e s s u r e  12 l b .  p e r  a q . i h .  h a s  b ee n
used  by c r a n e  m a k e r s ,  and s u g g e s t e d  by t e s t  r e s u l t s  o b t a i n e d  in
t h i s  i n v e s t i g a t i o n .  .The b r a k e  drums and b r a k e  shoes  u se d  i n
p r a c t i c e ,  ev en  when made of  p r e s s i n g s  a r e  n o t  f l e x i b l e .
The b r a k e  l i n i n g s  i n  a l l  t h e  t e s t s  d e s c r i b e d  a r e  Mworn i n ” ,
t h a t  i s ,  i n  a p p l y i n g  t h e  b r a k e  a l l r p o i n t s  must  t o u c h  t h e  drum
a t  t h e  same moment.  I n  a p p l y i n g  t h e  b r a k e  t h e  l i n i n g  i s
b e i n g  c o m p re s s e d ,  t h e  c o m p re s s io n  b e i n g  i n  p r o p o r t i o n  t o  t h e
p r e s s u r e  w h ich  i s  e x e r t e d  on t h e  l i n i n g  (Hooke*s Law),  o r  t h e
sum of  a l l  f r i c t i o n  f o r c e s  ^  ^
The h i g h e r  t h e  s e l f - a c t u a t i o n  t h e  more s e n s i t i v e  i s  a
b r a k e  t o  change i n  f r i c t i o n  c o e f f i c i e n t .  T h e r e f o r e ,  i f  t o o
h i g h /
h i g h  a  d e g r e e  o f  s e l f - a c t u a t i o n  i s  u s e d  i n  a  b r a k e  d e s i g n ,  
t h e  b r a k e  i s  l i a b l e  t o  Hg r a b ” i n  some c a s e s ,  w h i l e  i t  w i l l  
n o t  h o l d  s u f f i c i e n t l y  i n  o t h e r s .  Tha t  i s  why i t  i s  much 
more i m p o r t a n t  t o  o b t a i n  a  b r a k e  l i n i n g  w h ich  i s  a f f e c t e d  
as  l i t t l e  a s  p o s s i b l e  by  t e m p e r a t u r e ,  m o i s t u r e ,  s p e e d ,  e t c .  
t h a n  t o  o b t a i n  a  h i g h  f r i c t i o n a l  c o e f f i c i e n t .  The re  
a p p e a r s  t o  be  no way o f  j u d g i n g  t h e  s e l f - a c t u a t i o n  o f  a  
b r a k e  s h o e .  D i f f e r e n t  d e s ig n s  show d i f f e r e n t  f e a t u r e s  and 
m akers  o f  b r a k e  l i n i n g s  a r e  now i n c l i n e d  t o  s p e c i f i c  b r a k e  
l i n i n g s  t o  be u sed  w i t h  c e r t a i n  d e s i g n s .
F a b r i c  M a t e r i a l  u sed  f o r  G e a r in g .
When g e a r  w h e e l s  a r e  made from f a b r i c s ,  s u c h  a s  ‘ l o c o 1 
and !F a b r o i l f , c o n s i d e r a t i o n  must  be g i v e n  t o  t h e  T e n s i l e  
S t r e n g t h  o f  t h e  m a t e r i a l ,  t o  t h e  h a r d n e s s  o f  t h e  f a b r i c  on 
t h e  r o o t  s u r f a c e  of  t h e  t o o t h  and t o  t h e  w e a r i n g  s u r f a c e  
of  t h e  m a t e r i a l .  The d u ty  of  w hee l  t e e t h  i s  t o  t r a n s m i t  
power w i t h  l e a s t  p o s s i b l e  l o s s .  The e f f i c i e n c y  of t h e  
g e a r i n g  depends  on l u b r i c a t i o n ,  w h ich  i s  q u i t e  d i f f e r e n t  
f rom F a b r i c  Braice L i n i n g  which  s e e k  t o  u se  t h e  d ry  r u b b i n g  
s u r f a c e s ,  s l i d i n g  f r i c t i o n ,  w i t h o u t  s e e k i n g  t o  use  
s e i z u r e  a c t i o n  w h ich  would  d e s t r o y  t h e  s u r f a c e s .  In  g e a r  
t e e t h  t h e  a c t i o n  i s  p a r t  r o l l i n g  and p a r t  s l i d i n g  f r i c t i o n  
w i t h  l i n e  c o n t a c t .
Comparison i s  made b e tw een  m a t e r i a l  u s e d  f o r  wheel  
b l a n k s .
(1) F a b r o i l  p i n i o n s  which  a r e  made from co m pressed  c o t t o n  
( s p e c i a l l y  p r e p a r e d  c o t t o n  f ibres ,) .  T h i s  m a t e r i a l  t a k e s  t h e  
p l a c e  o f  com pressed  p a p e r  and wood p u l p  b l a n k s .  In  t h i s  
c a se  t h e r e  i s  no b i n d e r  used  and c o m p re s s o r  t h e r e f o r e  h a s  
t o  be m a i n t a i n e d  by means o f  s t e e l  s i d e  p l a t e s ,  o r  s h ro u d s  £ 
i f  t h e s e  a r e  removed t h e  F a b r o i l  i s  u s e l e s s .  I n  t h i s  c l a s s  
r a w -h id e  p i n i o n s  and p i n i o n s  made from l o c o  s h e e t  may be 
c l a s s e d .
The n a t u r e  of  t h e s e  f a b r i c s  made t e s t i n g  on t h e  
F r i c t i o n /
F r i c t i o n  Ma.ch.ine d i f f i c u l t  a s  "the c u t t i n g  up i n t o  i n .  
s q u a r e s  t® f i t  t h e  f a b r i c  h o l d e r ,  P i g .  3  was a l m o s t  
i m p o s s i b l e .  T e s t  c a r r i e d  ou t  on t h i s  m a t e r i a l  showed t h a t  
t h e  d r y  f r i c t i o n  w as  r a t h e r  e r r a t i c ,  v a r y i n g  f ro m  s t a t i c  
f r i c t i o n  0 . 2 5  t o  r u n n i n g  f r i c t i o n  0 . 6 ,  and  a g a i n  f a l l i n g  
r a p i d l y  t o  0 . 2 5  a s  h e a t  b r o u g h t  ou t  t h e  d r e s s i n g ,  
m e n  l u b r i c a n t  was a p p l i e d  t h e ^ -  v a l u e  d r o p p e d  by  a b o u t
fclwing a  v a l u e  of  0 . 1 6  t o  0 . 2 .  (T a l lo w  l u b r i c a n t ) .  
C a s t o r  o i l  d r e s s i n g  when a p p l i e d  t o  t h e  f r i c t i o n  p a d s  was 
i n c l i n e d  t o  c a u s e  a  v i s c o u s  d r a g .
(2) P a b r o i l - A  c u t  v e r y  e a s i l y  i n t o  -^--in. s q u a r e s  and when 
ru n  on t h e  F r i c t i o n  Machine gave  smooth  r u n n i n g  and t a k i n g  
on a  b e a u t i f u l  p o l i s h e d  s u r f a c e  w h ic h  worked w e l l  w i t h  
c a s t  i r o n .  The l u b r i c a t e d  f r i c t i o n  t e s t s  gave  a  v a l u e  f o r
* 0 . 1  t o  0 . 0 6 .  A h i g h  p r e s s u r e  c o u l d  be  a p p l i e d  t o  
t h i s  m a t e r i a l ,  and o i l  d i d  n o t  t e n d  t o  d e s t r o y  i t s  s t r u c t u r e  
even when r u n n in g  a g a i n s t  t h e  g r a i n  o f  t h e  t e x t u r e ,  y e t  i t  
does  n o t  a p p e a r  t o  hav e  t h e  s t r e n g t h  o f  t h e  s h ro u d e d  p i n i o n .
(3) Ferodo bonded  a s b e s t o s  c o u l d  n o t  be  u s e d  f o r  g e a r i n g  
b u t  f o r  l i g h t  d u t y  F e rodo  f i b r e  c o u l d  be  u s e d .
(4) lo co  i s  made i n  much t h e  same manner  a s  F a b r o i l  t h e  
on ly  d i f f e r e n c e  b e i n g  t h a t  i n  a  s e m i - p l a s t i c  s t a t e  t h e  
woveh c o t t o n  duck s t r i p  i s  i m p re g n a te d  w i t h  s y n t h e t i c  r e s i n  
and compressed  i n  s team  h e a t e d  moulds  u n d e r  p r e s s u r e .
I t  i s  f i n i s h e d  as  i t  comes f rom t h e  moulds  e x c e p t  f o r  s l i g h t  
t r im m ing  a t  t h e  p a r t i n g  l i n e  i n  g e a r  b l a n k s ,  and c u r i n g  f o r  
about  20 h o u r s  a t  2 1 2 °F .  ^  /c
(5) C o t to n  c l o t h  im p re g n a te d  w i t h  B a k e l i t e  i s  p r e s s e d  
i n t o  h e a t e d  moulds  t o  make t u r n i n g  g e a r s  f p r  o i l  pumps.
Duck c l o t h  h a s  u s u a l l y  a  t e n s i l e  s t r e n g t h  o f  24 t o  30 l b .  
p e r  i n c h  w i d t h  p e r  p l y .




l i n in g .■Hl'Iock
temperaturi
varia\>lSgy
A 50^^^^mi-au^mraticnydraulic press for 




'W'sx: -  fo .\a* fo t*pL 7 f
V w ^  - 6,9 5  |  '
'4U-a>+ fcj LmjlX ^
c & t q u r b  / 7
T a b le  of  c o m p a r a t i v e  s t r e n g t h  and h a r d n e s s .
M a t e r i a l U l t i m a t e  
T e n s i l e  S t r e n g t h
Izod  
f t  .lb. Max
H a rd n e s s  
M in .
F a b r o i l - A  ■J” t h i c k 4 t o n s / i n ^ 2 4 8 . 8 4 4 . 4  B r i n e l l
Formapex ■J*11 t h i c k  
M i c a r t a
54 t o n s / i r £  
T e n s i l e 2 , /. 2 7 t o n s / m *







93 R o ck w a l l  B
Ferodo  i« th io lc  
F i b r e  2
2 t o n s / i n ^ 1 98 R o c k w e l l  B
Formapex Gear 
Wheel B la n k
3 t o n s / i n ^  
a t  b o s s  and r im  





77 R o c k w e l l  B. 
7 3 .5  "
V u l c a n i z e d
F i b r e 7 . 5  t o n s / i n ^ 3 .5 75 70 R o c k w e l l  B
The Young! s Modulus f o r  a l l  f a b r i c s  i s  a p p r o x i m a t e l y  
1 x  10 . xhe  b l a n k s  can  be m ach ined  by  u s i n g  t o o l s  w i t h  l a r g e
t o p  r a k e ;  c i r c u l a r  m i l l i n g  h obs  w i t h  s t e e p  t o p  r a k e  a r e  u se d  
f o r  c u t t i n g  t e e t h  i n  b l a n k s ,  and g r i n d i n g  may b e r d o n e  
p r e f e r a b l y  b y  a  r a p i d l y  r o t a t i n g  f i n e - g r a i n e d  emery w h e e l ,
( e . g .  Ho. 40 emery ,  5 i n c h  d iam ,  3000 r . p . m . ) ,  t a k i n g  c a r e  
t o  a v o id  undue h e a t i n g  o f  t h e  f a b r i c .  These  f e a t u r e s  were  
c l e a r l y  b r o u g h t  out  d u r i n g  t h e  m a c h in in g  o f  t h e  v a r i o u s  t e s t  
p i e c e s .
C r o s s - B r e a k i n g  S t r e n g t h  o r  Maximum F i b r e  S t r e s s .
For  most p r a c t i c a l  p u r p o s e s  t h i s  i s  d e f i n e d  as  t h e  l o a d , P ,  
r e q u i r e d  t o  f r a c t u r e ,  by  b e n d i n g ,  a  b a r - s h a p e d  t e s t - p i e c e  :Q<f 
g i v e n  r e c t a n g u l a r  c r o s s  s e c t i o n  (b a b r e a d t h ,  d a d e p t h ) , 
when t h i s  i s  s u p p o r t e d  o r  h e l d  h o r i z o n t a l l y  and t h e  l o a d  
a p p l i e d  v e r t i c a l l y  i n  one o f  t h e  f o l l o w i n g  forms o f  t e s t : -
(a) C a n t ile v e r  T e s t :  The h a r  is  h e l d  h y  a clamp a t  one
end and l o a d  a p p l i e d  a t  a  d i s t a n c e ,  L,  f rom t h e  n e a r  edge o f  
t h e  c lam p.  S t r e s s  ,  - i 0« o ,  0 . 5 "  x  .75"  x  2 . 5 - .
S a fe  l o a d ,  25 l b .
(b) 3 - p o i n t  L o a d in g  t e s t ;  The “b a r  i s  s u p p o r t e d  a t  two
p o i n t s  a  g i v e n  d i s t a n c e ,  L ,  a p a r t ,  and t h e  l o a d  a p p l i e d
3 P t A ,  y  y  2
midway "between th em .  S t r e s s  a f F a b r o i l - A  a
0 . 5 ” x  .75"  x  2 , 5 " ,  S a fe  Load ,  95 l h .
Impact  S t r e n g t h
(c) T h i s  i s  e x p r e s s e d  a s  e n e r g y  p e r  u n i t  a r e a  o f  c r o s s  
s e c t i o n  o f  t h e  t e s t  p i e c e  where  f r a c t u r e  o c c u r s ,  b u t  t h i s  
t e s t  v a r i e s  w i t h  t h e  shape  o f  t h e  c r a s s  s e c t i o n .  T h i s  gave  
a p p r o x i m a t e l y  2 t o  3 f t . l b .  f o r  a l l  f a b r i c  m a t e r i a l .
P l a s t i c  Y i e l d  T e s t  -  ( d ) : T e s t  a s  i n  (b) a t  a  g i v e n  
t e m p e r a t u r e  (2 0 0 ° F . )  f o r  a  g i v e n  t im e  9 m i n u t e s ,  o r  80°F .  
f o r  a  p e r i o d  n o t  l e s s  t h a n  12 h o u r s .  One o f  t h e  F a b r o i l - A  
p i e c e s  was t u r n e d  t o  d i a m e t e r  a t  ends  and a  p l a i n  p o r t i o n  
d i a m e t e r  f o r  2 ” l o n g .  T h i s  t e s t  p i e c e  was s u b j e c t e d  
t o  t o r s i o n  and gave on an  a v e r a g e  10000 l b / i n 2  (max. 13000 
l b / i n 2 , m in .  9000 l b / i n 2 ) .
A b s o r p t i o n  T e s t s  -  The V u l c a n i z e d  F i b r e ,  a l t h o u g h  
l i k e  t h e  o t h e r  f i b r e s  t e s t e d  was i n s o l u b l e  i n  o r d i n a r y  
s o l v e n t s ,  was s e e n  t o  a b s o r b  w a t e r  ( s w e l l s ) .  In  t h i s  
r e s p e c t  lo c o  and F a b r o i l  m a t e r i a l s  a r e  b e t t e r  t h a n  
V u lc a n iz e d  F i b r e ,  wood, r a w - h i d e ,  e t c .
Formapex M i o c a r t a  and F a b r o i l - A  g e a r s  and b l a n k s  a r e  
s e n t  out from f a c t o r y  w i t h  m e t a l  c e n t r e s  which  a r e  
p e r m a n e n t ly  h e l d  in  p o s i t i o n  w i t h o u t  r i v e t s .  S k e t c h e s  o f
a  b l a n k  and a  c u t  g e a r  a r e  shown i n  F i g . / / '  . These  c a n
be made much s t r o n g e r  and l i g h t e r  t h a n  when c u t  f rom s l a b s .
From t h e  f o r m u l a  HP a P.tPQP:L.x  f , x  y.
#Jr
d e r i v e d  f o r  lo c o  m a t e r i a l ,  l e t  b r e a d t h  o f  f a c e  o f  w hee l  b 
= 1 i n c h  and t h e  d i a m e t r i c a l  p i t c h  P . P .  a 1 ,  t h e n  t h e  
f o r m u l a  f o r  h o r s e  power  becomes HP a .0001 x  V x  f  x  y  p e r  
i n c h  o f  f a c e  p e r  1 d i a m e t r i c a l  p i t c h .  Assume p r e s s u r e  
a n g l e  14-J-0 , t h e n  l o g  HP a  l o g  0 .0 0 0 1  +  l o g  V -h l o g  f  -h l o g y .  
To make an  a l i g n m e n t  c h a r t  t o  s u i t  t h i s  l o g a r i t h m i c  f o r m u la
of  f o u r  v a r i a b l e s ,  l e t  l o g  r  a l o g  V - f  l o g  f .
I f  V v a r i e s  f rom 100 t o  2000 f t .  p e r  s e c .  t h e n
l o g  20000 -  l o g  100 a 1 . 5 0 1 .  m a g n i fy  t h i s  by  5 ,  s a y
6 . 5 0 5 ”
The s a f e  s t r e s s  o f  t h e  m a t e r i a l  f o r  d i f f e r e n t  speed  may 
v a r y  f rom 1000 t o  4 0 0 0 .
Then l o g  4000 -  l o g  1000 a 0 . 6 0 2 .  m a g n i f y  by  1 0 ,  s a y  
6 .0 2 ”.
The form  f a c t o r  w i l l  v a r y  f rom 0 . 0 7 5  t o  0 . 1 1 8 .
l o g  0 . 1 1 8  -  l o g  0 .0 7 5  a  0 . 2 .  m a g n i fy  by  s a y  6 M
I f  t h e  d i s t a n c e  b e tw e e n  s c a l e  ^ a n d  s c a l e  f  a  3 W 
t h e n  s c a l e  o f  r  w i l l  be  d i s t a n t  f rom  V b y  e ”
O 3
•  3 — l l   x  3 a -7 x  3 a a 1«
Sy -h Sf  s  + 'O "To
and s c a l e  o f  r ,  (Sr)f a ^
Again p l a c e  s c a l e  y  a t  d i s t a n c e  3M from s c a l e  r ,
then e * sv „ 3g . y „  X S = - 5 — t e — ,—  x  3 .  /D = 0 . 3
br -+• 5y -+ 5 5
Then s c a l e  f o r  H .P .  ( S ^  ) a \
V f
S u b s t i t u t e  i n  f o r m u la  HP a 0 .0 0 0 1  x  2000 x  1000 x  .118
s  23.«6
and HP « 0 . 0 0 0 1  x  100 x  4000 x  .075  
a  3 .
The c h a r t  h a s  now b e e n  drawn,  P i g . / #  f rom t h i s  d a t a  and 
g i v e s  any o f  t h e  f o u r  v a r i a b l e s  when t h e  o t h e r s  a r e  known. 
This  c h a r t  h a s  b e e n  improved  by  a d d in g  t h e  s c a l e  f o r  t h e  
p i t c h  d i a m e t e r  o f  t h e  w h e e l s ,  t h e  number  of  t e e t h  and t h e  
d i a m e t r i a l  p i t c h .  The f o r m u l a  w h ic h  g i v e s  t h e s e  d im e n s io n s  
and numbers a r e
(1 ) t.HigP1 * Q-f ..fifta.y.) P s  V e l o c i t y  i n  f t  . p e r  m in .
„ 0 . 2 6  d x  r . p . m .  a  V
(2) c i r c u m f e r e n t i a l  p i t c h  p = -jpjET and n p  a r r d




From ( l )  l o g  d s  l o g  V -  l o g  .26  -  l o g  N
From (2) l o g  D .P .  a l o g  n -  l o g  d
By t h e  same m ethod  t h e  s c a l e s  N and D .P ,  h a v e  h e e n  
a d d e d .  These  c o u l d  h av e  h e e n  drawn s e p a r a t e l y  b u t  ̂  t h e  
a d d i t i o n  of  k e y - 1 i n e s  t h e  s c a l e s  a r e  c l e a r l y  c o n n e c t e d .
The a u t h o r  was a s k e d  hy  P r o f e s s o r  M e l l a n b y  t o  f u r n i s h  
t h e  m a n u f a c t u r e r s  o f  l o c o  F a b r i c  w i t h  a  f o r m u l a  t o  s u i t  
t h e i r  m a t e r i a l ,  and t h i s  h a s  h e e n  added  as  a  m a t t e r  o f
i n t e r e s t ,  and i s  a  p r a c t i c a l  i l l u s t r a t i o n  o f  t h e  e a s e  w i t h
w hich  nomograms can  he  a d o p t e d  t o  t e s t  r e s u l t s .  An 
e x p e r i m e n t a l  a p p a r a t u s  was a l s o  d e s i g n e d  t o  t e s t  t h e  e n d u r a n c e  
of  f a b r i c  g e a r i n g  when r u n n i n g  i n  c o n j u n c t i o n  w i t h  c a s t  i r o n  
w h e e l s .
F o r  t h e  f i r s t  r u n - i n  o f  f a b r i c  g e a r i n g  i t  i s  a d v i s a b l e  
t o  u se  a  s o l i d  l u b r i c a n t  s u c h  as  a  m i x t u r e  o f  v a s e l i n e  and 
g r a p h i t e ,  o r  c o l l o i d a l  g r a p h i t e .  A t h i n  c o a t i n g  of  t h i s  
l u b r i c a n t  d u r i n g  t h e  r u n - i n  p e r i o d  h e l p s  t o  make a  p o l i s h e d  
smooth s u r f a c e ,  a f t e r w a r d s  t h e  g e a r s  may be  ru n  i n  a  b a t h  
of good l u b r i c a t i n g  o i l .
The f a b r i c s  m ig h t  be  made t o  s u i t  t h e  chucl t  o f  a  
r e v e r s a l  of  b e n d i n g  s t r e s s  m a c h in e ,  and c o u l d  be  s u b j e c t e d  t o  
a  s l i d i n g  m o t io n  a b r a s i o n  a s  a  s p e e d i e r  m ethod  o f  t e s t i n g  t h e  
g e a r  b l a n k  p r e s s e d  f a b r i c  m a t e r i a l .  T h i s  would  c e r t a i n l y  
g iv e  a  v e r y  much s h o r t e r  t e s t  t h a n  was recommended t o  t h e  lo c o  
Company.
From t h e  a l i g n m e n t  c h a r t  t h e  t a b l e  and g r a p h  h o r s e  powers  
f o r  v a r i o u s  d i a m e t r i c a l  p i t c h  h a v e  b e en  drawn up f o r  e a s y  
a p p l i c a t i o n f
D i a m e t r i a l  p i t c h  10 8 6 5 4 3 2-g- 2
H .P .  f  1 - 2  3 -5  7 .5  10 1 5 -25  50-60  75-100
T h is  i n v e s t i g a t i o n  was su p p le m en te d  b y  work done on t h e  
s t r e n g t h  o f  v a r i o u s  p l a s t i c  moulded m a t e r i a l  f o r  h a r d n e s s  and 


















s t r e n g t h ,  t h e  number o f  w h ic h  h a s  c o n s i d e r a b l y  i n c r e a s e d  
s i n c e  t h i s  r e s e a r c h  b e g a n  i n  b u t  .as t h e  T h e s i s  h a s
become r a t h e r  . l e n g t h y  i t  was t h o u g h t  a d v i s a b l e  t o  l e a v e  t h i s  
f o r  a  f u t u r e  r e s e a r c h .
I n  p r e v i o u s  p a p e r s  t h e  . a u th o r  h a s  t h a n k e d  P r o f e s s o r s  
A.L.  M e l l a n b y  and P r o f e s s o r  Wm. K e r r  f o r  p e r m i s s i o n  t o  c a r r y  
ou t  t h e s e  t e s t s  and h e r e  a g a i n  he  d e s i r e s  t o  t h a n k  them  f o r  
g u id a n c e  and en c o u rag e m en t  d u r i n g  t h e  many t e s t s  c a r r i e d  o u t .  
To t h e  d i f f e r e n t  m a n u f a c t u r e r s  o f  f a b r i c s  s u p p l i e d  f o r  t h e s e  
t e s t s  t h e  a u t h o r  t e n d e r s  h i s  t h a n k s ,  and  a l s o  t o  t h e  
G overno rs  o f  t h e  Roya l  T e c h n i c a l  C o l l e g e  f o r  t h e  f reedom  t o  
use  t h e  power  and p l a n t  e r e c t e d  i n  t h e  C o l l e g e  L a b o r a t o r i e s  
o f  t h e  M e c h a n ic a l  E n g i n e e r i n g  D e p a r t m e n t . ______
APPEHDIX ( a p p l i c a t i o n  o f  d a t a  t o  r o a d  and r a i l )
The i m p o r t a n c e  o f  B r a k i n g  Sys tem s  c a n  be  w e l l  u n d e r s t o o d  
when t h e  p ro b le m  i s  c o n s i d e r e d  o f  a r r e s t i n g  a s  much a s  
5 0 ,0 0 0 ,0 0 0  f t . l b .  o f  e n e r g y  a t  90 m . p . h .  i n  t h e  s p a c e  o f  
40 s e c .  ( o r  a b o u t  % m i l e ) . The v a l u e  o f y ^ - -  v a r i e s  w i d e l y  
w i t h  a p e e d ,  d e c r e a s i n g  r a p i d l y  a t  t h e  h i g h e r  s p e e d s  where  i t  
i s  most  n e e d e d .
( l )  P e r c e n t a g e  B r a k i n g  a r o a d  o r  r a i l
shoe  yM-&
v a r i e s  f o r  d r y  o r  wet  s u r f a c e  o f  r a i l ,  and on s u r f a c e  
m a t e r i a l  o f  r o a d  ( c o n c r e t e ,  macadam, a s p h a l t )  and a l s o  on 
t h e s e  b e i n g  d r y  o r  w e t .
F r i c t i o n  on t r a c k  F =  (norm al  l o a d )  ~  ^  s  0 . 3  If
^  ^  ( s t e e l  r a i l )
T h i s  i s  a p p r o x i m a t e l y  ^ y ^ s  B rake  a p p l i e d  p r e s s u r e  *yUs B t
E q u i v a l e n t  r a i l  o r  ro a d  f r i c t i o n ^ ^  x  N a p  s
so t h a t  F * ^ y i a o ry U ^  t o  p r e v e n t
s l i p p a g e . „  /I -f- 0.014 V.
V1 -f- 0.075 v)





T h is  would g i v e  f o r  a t  60 m . p . h .  a  v a l u e  0 . 0 9 6 ^
f o r  a t  30 m . p . h .  a  v a l u e  0 . 1 5  ,
and f o r  a t  20 m .p . h .  a  v a l u e  0 .1 7
f o r  o r d i n a r y  s t e e l  r a i l .
(2)  B rake  e f f i c i e n c y  t e s t e r s  a s  a p p l i e d  t o  m otor  c a r s .
I n  p l a c e  o f  g i v i n g  a r e l a t i o n  b e tw e en  t h e  c o e f f i c i e n t  
o f  f r i c t i o n  o f  t h e  Brake  Shoe and t h e  R a i l  o r  Road C o e f f i c i e n t  
t h e  S ie m e n f s Brake  M ete r  ( a )  and t h e  P e ro d o  B rak e  E f f i c i e n c y  
I n d i c a t o r  ( a / )  g i v e  a r e l a t i o n s h i p  be tw een  t h e  m i l e s  p e r  
h o u r  o f  c a r f s m o t io n  and t h e  s t o p p i n g  d i s t a n c e  i n  f e e t .
(a )  i s  s im p ly  a  pendulum  i n  t h e  fo rm  o f  a c a p i l l a r y  t u b e
t&Ue/Jpo n t a i n i n g  a  c o l o u r e d  f l u i d .  The column shows t h e
r e t a r d a t i o n  (b)  i n  y a r d s  p e r  s e c . p e r  s e c . ,  and where  (S)
r e p r e s e n t s  t h e  b r a k i n g  d i s t a n c e  i n  y a r d s  and (v) t h e  s p e e d  o f
th e  v e h i c l e  i n  y a r d s  p e r  s e c .
■y2 The b r a k e s  a r e  a p p l i e d  e v e n l y  on a
S = ' • l e v e l  d r y  r o a d  when motor  i s  moving
2 b a t  s ay  20 m i l e s  p e r  h o u r .
jUeYL Yed. V ' 2 ^  -3  -net- ~ 6*.
( a / )  I n  t h i s  t e s t e r  t h e  sp e e d  o f  motor  i s  20 m i l e s  p e r  h ou r
when t h e  b r a k e s  a r e  a p p l i e d .  There  a r e  t h r e e  d i a l s ,  20 p e r  c e n t
f o r  a  s t o p  o r  draw up i n  67 f t . ,  30 p e r  c e n t  f o r  s t o p  i n  45 f t . ,
g
and 50 p e r  c e n t  f o r  a  s to p  i n  27 f t .
TEST FIGURES FROM A CAR OR MACADAM ROAD, f f j g .2 0 .
Brake v  * m i l e s  Pe r  hour PracticallvE f f i c i e n c y  S a s t o p p i n g  d i s t a n c e  i n  f e e t  * acx'1GaJ-J-y
p e r  c e n t .
30 lo g V - .40 +  .536 lo g S o r  Va 2 . 5 1 S " 536 ^ 2 s. 9 S
40 s . 525 +■ .506 lo g S o r  T = &.31S,S06 = 12S
50 as .566  + .516  lo g S or  V s 3.. 68 S*516 = 14.2S
60 ss .593 +  .515 l o g S o r  V* 3.a2S‘5:L5 * 18 S
70 = .66 4- .506 l o g S o r  V m 4 . 5 7 S ' 506 *  2 1 S
Brake E f f i c i e n c y 30 40 50 60 70 p e r  c e n t .
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INVESTIGATION OF LUBRICANTS, AND FRICTION OF 
BEARING MATERIAL^
ABSTRACT
I n  t h i s  i n v e s t i g a t i o n  t h e  l u b r i c a t i n g  p r o p e r t i e s  o f  
v a r i o u s  o i l s  a t  low r u b b i n g  s p e e d s  a r e  c o n s i d e r e d .
A c o m p a r i so n  i s  made b e tw e e n  p u r e  v e g e t a b l e ,  m i n e r a l  and 
a n im a l  o i l s  when u s e d  a s  l u b r i c a n t s ,  w i t h  c a s t  i r o n ,  
p h o s p h o r  b r o n z e ,  w h i t e  m e t a l ,  m i l d  s t e e l ,  and n i c k e l - c h r o m e  
h e a t  t r e a t e d  s t e e l ,  a s  b e a r i n g  m a t e r i a l s .
Some c o n s i d e r a t i o n  i s  g i v e n  t o  t h e  b l e n d i n g  o f  m ach ine  
o i l ,  l u b r i c a n t s  f o r  u s e  i n  f o r g i n g  and d r a w in g ,  and 
t h e  e f f e c t  o f  i n t r o d u c t i o n  o f  m e rc u ry  and c h l o r i n e  w i t h  
l u b r i c a t i o n  m i x t u r e s .  The f i n i s h  o f  t h e  b e a r i n g  
m a t e r i a l  i s  c o n s i d e r e d  i n  t h e  r e d u c t i o n  o f  f r i c t i o n  
e f f e c t .  E n d u ra n c e  t e s t s  a r e  c a r r i e d : o u t  on v a r i o u s  
l u b r i c a n t s  a t  d i f f e r e n t  t e m p e r a t u r e s ,  and t h e  w ear  o f  
b e a r i n g  m a t e r i a l s  i s  n o t e d ,  c o n d i t i o n  o f  s u r f a c e s  a r e  
examined a f t e r  f a i l u r e  o f  l u b r i c a t i o n ,  o r  r e s t r i c t i o n  
of  l u b r i c a n t  s u p p l y .  The r e s u l t s  o f  e x p e r i m e n t s  
have  b e e n  made u s e  o f  i n  B e a r i n g  d e s i g n .
¥
INTRODUCTION
(a ) Some no tes on th e  m e ta ls  used in  T e s ts .
C ast Iro n  and M ild  S te e l form  th e  g re a te s t  p o r t io n  o f  
b e a r in g  m e ta ls ; o f th e  a l lo y s ,  phosphor bronzes and W hite  
M e ta l a re  th e  c h ie f ,  C rank s h a fts  a re  made o f s p e c ia l S te e l  
in  w hich n ic k e l  and chromium a re  employed to  form  a s te e l  
a l lo y .  In  t h is  in v e s t ig a t io n  th e  m e ta ls  used a re  (1 ) Cast 
Iro n  on Cast I r o n ,  on Phosphor B ro n ze , and on W hite  M e ta l;  
N ic k e l Chrome S te e l on C ast I r o n ,  oh Bronze and on W hite  M e ta l .
The approxim ate  chem ical a n a ly s is  o f th e  m a te r ia l  used.
c Mu S i S P N i P^ Sfc Cu Sb
Cast Iro n  3 0 .6  1 .3  0 .0 5  0 .2  3
N ic k e l Chrome 
S te e l 0 .3 1 0 .6 5  0 .1 5  0 .0 3  0 .0 3  3 .3  0 .7
Phosphor
Bronze 0 .4  10 9 • 5 80
White M e ta l 1 .5  78 7 .5  13
The approxim ate  p h y s ic a l p r o p e r t ie s .
l b .  p e r  s q . in .
T e n s ile  com pressive P a tig u e  
S tre s s . ± l i m i t .
B r i n e l l  
H ardness.
S a . l l  ss ./a tn 'n t. 0 /a . .  
P r e s s u r e  ~  3 0 0 0 A p r
Cast Iro n 3 .2  x  104 1 2 .8  x  104 1 .4  x  104 190
N ic k e l Chrome S te e l  
( o i l  hardened)
1 2 .7  x  104 4 .4  x  104 290
Bronze 7 x  104 1 .5  x  104 93
W hite M e ta l 2 .3  x  104 29 a t  70°P * 
12 a t  2 1 2°P .
The c a s t ir o n , Phosphor B ronze , and W hite  M e ta l d iscs  were  
wound w ith  an e le c t r ic -h e a t in g  e lem en t, and s ix  hardness  
read ings a t  tem p era tu res  ran g in g  from  room te m p era tu re  5 6 °P . to
2 5 0°E , were ta k e n . B r i n e l l  Nos. have been p lo t te d  on a base 
o f Tem peratu re . P i g . l .  On t h is  d iagram  Here cs shown th e  
average tem p era tu re  range fo r  a number o f b e a r in g s . The b e s t 
te m p e ra tu re /
MtKUT£
Temp.
S*. S t  Cm.
( 0  *80 *15 ’05 —
(2) -OS -20 - •7
.  ^LL
r a n | MIH I iH IH H I ■ O l
0 '  0014 .
" I e m PERKTVJW F
^K D M E S S  OF W h \t E  M s T P i l
240 2fc0
te m p e ra tu re  i n l e t  appears to  be a p p ro x im a te ly  8 6 °E . g iv in g  
a s a fe  range o f 10C °E . r is e  in  o i l  te m p e ra tu re  and th e r e fo r e  
approxim ate  b e a r in g  te m p e ra tu re . W h ite  M e ta l J in in g  shows 
a re d u c tio n  in  B r i n e l l  hardness by 50 p e r  c e n t ,  d u rin g  th e  
r is e  o f 1 0 0°E . T h is  change in  B r i n e l l  number, a lo n g  w ith  
heavy lo ad  w hich has g ive n  r is e  to  th e  te m p e ra tu re  change, 
a s s is ts  th e  p la s t ic  f lo w  o f th e  W hite  M e ta l .
(b ) Some notes on th e  L u b r ic a n ts  used in  T e s ts .
In  a  paper a lre a d y  p u b lis h e d  / on lu b r ic a t in g  p ro p e r t ie s  
of ̂ va rio u s  oils, d a ta  w i l l  be found con cern in g  some o f th e  
lu b r ic a n ts  used in  t h is  in v e s t ig a t io n .  The fo llo w in g  
lu b r ic a n ts  a re  c o n s id e re d , (1 ) th re e  forms o f machine o i ls  
are compared to  show how th e  m ain fe a tu re s  can be examined  
by means o f s im ple  a p p a ra tu s , (2 ) F e a ts fo o t o i l ,  G ra p h ite d  
S pind le  o i l  p lu s  1 p e r  c e n t , o f o i l  d a g , D ie s e l o i l ,  and 
Lape o i l ,  (3 ) T a llo w  (p u re ) ,  T a llo w  10 p e r  cent W hite  Lead , 
T a llo w  and C asto r o i l .
E ng ineers  are  accustomed to  th e  use o f " S p e c if ic  G ra v ity "  
and r e a l iz e  th a t  a u n it  volume o f o i l  weighs more as th e
nu m erica l v a lu e  o f th e  s p e c if ic  g r a v ity  in c re a s e s , and
Q 60°P 1 5 *5 0C .
60°F is  ra /t* 0 a r b i t r a r i l y  chosen, or S ~
The w eight o f one g a llo n  o f o i l  is  te n  tim e s  i t s  s p e c if ic
g r a v ity  bu t t h is  u n it  has no r e la t io n  to  th e  lu b r ic a t in g
q u a l i ty  o f an o i l .  However, th e  lo w er th e  s p e c if ic  g r a v i ty
o f th e  o i l  th e  e a s ie r  w i l l  i t  be to  f r e e  th e  o i l  from  w a te r
by c e n t r i fu g a l  means. The v a lu es  o f th e  s p e c if ic  g r a v ity
were o b ta in ed  by d e te rm in in g  th e  d e n s ity  o f th e  o i l .
50 c .c s  o f o i l  were c a r e f u l ly  weighed a t 60°E . 
i . e .  w e ig h t o f 50 c .c s  o i l  p lu s  w e ig h t o f s p e c if ic
g r a v ity  b o t t le  -  6 3 .5 2  gms.
w e ig h t o f s p e c if ic  g r a v ity  b o t t le  •  1 6 .8 3  gms.
T h e re fo re  w e ig h t o f 50 c .c s  o f o i l  s ~ 4 6 .6 9  gms
T h e re fo re  d e n s ity  a t 60°P . -  0 .9 3 4
and s p e c if ic  g r a v ity  a 0 .9 3 4
T h e /
r .
The d e n s ity  a t  any o th e r  te m p e ra tu re  was o b ta in e d  from  
th e  fo rm u la  D -  d -  k  t   ..................... (1 )
where D -  d e n s ity  o f o i l  a t  re q u ire d  te m p e ra tu re  
d ,  " ■ " " 60 °F .
t  •  number o f degrees above 60 ° F .  
k  s a co n s ta n t -  *00035 f o r  most lu b r ic a t in g
o i l s .
I f  th e  s p e c if ic  g r a v i ty  was re q u ire d  to  v a ry  g re a t  
accuracy a c o r r e c t io n  f o r  th e  buoyancy would r e q u ire  to  be 
made. T h is  is  not re q u ire d  in  s im p le  lu b r ic a t io n  prob lem s, 
but a curve o f c o r re c t io n  f o r  te m p e ra tu re  r i s e ,  w h ich  is  to  
be added when th e  tem p e ra tu re  is  above 6 0 °F , and s u b s t itu te d
when th e  te m p e ra tu re  is  below  6 0 °F . is  g iv e n , P ig .2 . ,  f o r  
v a rio u s  s p e c if ic  g r a v ity  o i l s .
In  t h is  in v e s t ig a t io n  th e  v is c o s ity  o f th e  o i ls  under 
t e s t  was o b ta in ed  by use o f a S tandard Redwood V isco m eter  
50 m l  and co n verted  in to  C .G .S . u n its  (P o ises ) by th e  fo rm u la  
g iven  by H ig g in s .
^  m (0 .0 0 2 6  T -  1 ) p o ises  .....................(2 )
where A m a b s o lu te  v is c o s ity  in  C .G .S . u n its  (p o is es )
T . l  •  Ho. o f seconds f o r  o u tflo w  o f 5 c .c s .
jP  « Dd>raity o f o i l  a t  te m p era tu re  o f t e s t .
Hence from  ( l )  and (2 ) th e  v a lu e s  o f a b s o lu te  v is c o s ity  





D e n s ity  fro m  1 
D
V iscow ita^from  2 
(p o is es )
Rape O i l  
U n its ,
6 0 .5 3855 0 .9 3 4 9 .3 4 725
90 900 0 .9 2 3 2 .1 6 193
120 320 0 .9 1 3 0 .755; 59
150 158 0 .9 0 2 0 .3 6 3 30
180 75 0 .8 9 2 0 .1 7 0 17
For th e  purpose o f com parison a column showing "rape o i l
u n its "  has been added to  th e  t a b le .
*  - 4i   44. -  ^ v s p .g r .  o f o i l  a t  t ° F .  x  100Hap 6 O il  U n i t s  2 efZC ^  II   i ■ |
636 s p .g r .  o f r e f in e d  rape o i l  a t  60°F
I .  x  S t° P  x  100 rr» v <54-0Tx x  S t P .
535 x  0 .9 1 5  "  4 .8 9 6
535 and 0 .9 1 5  a re , r e s p e c t iv e ly ,  th e  Redwood H o . l .  t im e  o f f lo w  
and s p e c if ic  g r a v ity  o f r e f in e d  rape o i l  a t  60°F .
D u r in g /

9.
D uring  t h is  in v e s t ig a t io n  re fe re n c e  was made to  
v is c o s i t ie s  g iv e n  on th e  S ayb o lt and th e  E n g le x  v is c o m e te r ,  
and a b le n d in g  c h a rt is  g iv e n  in  J i g . 3 .  w h ich  shows th e  th r e e  
v is c o s ity  s c a le s  in  g e n e ra l u s e . The a b s o lu te  c e n tip O is e s  
(assuming Sp.G ra v ity  0 .9 )  a re  a ls o  shown. The b le n d in g  
c h a rts  have been found necessary  when an o i l  is  t o  be  made t o  
s p e c if ic a t io n  drawn up from  d e ta i le d  e x am in a tio n  o f lu b r ic a t io n  
re  qulrem ent b .
(c ) Some notes on th e  s u rfa c e  f in is h  o f th e  B e a rin g  M e t a l . -  
The gun-m eta l bush was machined w ith  smooth f i n i s h  and t e s t  
made on^Searing Machine . The b e a r in g  s u rfa c e  was th e n  hand- 
scraped and second te s t  c a r r ie d  o u t. An expanding m a n d r il  
f in is h  was th e n  pu t on m e ta l and ad ju stm ent f o r  c le a ra n c e  made; 
th e  c le a ra n c e  was kep t as n ear 1 /1 0 0 0  as p o s s ib le  and a t e s t  
c a r r ie d  o u t. The machine was th en  run  f o r  s e v e ra l hours as a 
"ru nn in g  in "  process b e fo re  th e  f i n a l  t e s t .
Much th e  same procedure was gone th ro u g h  in  o b ta in in g  th e  
d i f f e r e n t  f in is h e s  on th e  Phosphor Bronze and W h ite -M e ta l p la te s  
used in  th e  D ee ley  O i l  T e s tin g  M ach ine.
A w h ite -m e ta l b e a rin g  bush was made by f ix in g  th e  plummer 
b lo c k  on. the s h a ft  and c a s tin g  th e  bush in to  th e  b lo c k . As 
a f in is h  th e  b e a rin g  machine s h a ft was made to  r o ta te  s lo w ly  
ju s t  b e fo re  th e  w h ite -m e ta l had c o o le d . The bush was th e n  
removed and cu t out to  s u it  th e  o i l  r in g s  s im i la r  to  th e  
gun-m etal bush, P ig .4 ( a ) ,  as f a r  as p o s s ib le  th e  same a re a  was 
m a in ta in e d . A sketch  o f l in e s  o f o i l  f lo w  is  shown P ig .4 ( b ) .  
The w h ite -m e ta l is  th en  g ive n  a rub w ith  a w ire  brush  to  c le a r  
o f f  sca le  a f t e r  which a t e s t  was c a r r ie d  o u t. T h is  was 
American p r a c t ic e  w ith  lo n g  b ea rin g s  o f sm all d ia m e te r; f o r  
exam ple, th e  m ain s p in d le  o f P ic k e r in g  g o vern o rs . A t e s t  
was c a r r ie d  out w ith  th e  m eta l as d escrib ed  and th e n  a second 
te s t  a f t e r  e ig h t hours runn ing  in .  A s e c tio n  was ta k e n  o f f  
th e  m a te r ia l from  a v e ry  smooth p o r t io n  o f th e  bush and a 
second a t  a p a r t  where e v id e n t ly  s e iz u re  had ta k e n  p la c e ,
P ig s . 5 (a ) and 5 ( b ) .
T h e /
\C ,.V . s  0  V o  UTS
L- I t S 1st K.V. I&I ; “ -|r
J0 /® ^ |0 /^  100/<3 0 ^  2 0  t o  8 0  100^
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The h u s h  was a d j u s t e d  and  a  sm ooth  c u t  was t a k e n  i n  
L a th e ;  a  f u r t h e r  t e s t  was t h e n  r u n .  P o r  c o m p a r i s o n  a  
s p r i n g - t o o l  was u s e d  i n  t u r n i n g  ou t t h e  b o r e ,  t h i s  t oo k  o f f  
t h e  s p i r a l  f i n i s h  o f  t h e  m ore p o i n t e d  t u r n i n g  t o o l ,  and  
f r i c t i o n  r e s u l t s / o b t a i n e d .  Next a  g r i n d e r  s u r f a c e  f i n i s h  
was t r i e d ,  and t h e n  t h e  same f o l lo w e d  b y  a  r o l l e r  t o o l .
The l a s t  s u r f a c e  was t h a t  o b t a in e d  from  l a t h e  s p r i n g  s c r a p e r  
fo l lo w e d  by r o l l e r  t o o l *  The l a t t e r  t o o l  h ad  t h e  e f f e c t  o f  
h a r d e n in g  t h e  w h i t e  m e ta l  g i v i n g  a  B r i n e l l  h a r d n e s s  o f  31 i n  
p l a c e  o f  29 a t  70 °P .
B oundary  Co n d i t io n s ^  in_L ubrica ted_J? l^em ents^_
W ith  t h e s e  rem ark s  on t h e  v a r i o u s  l u b r i c a n t s ,  b e a r i n g  
m e t a l s ,  and f i n i s h  o f  s u r f a c e ,  i t  isw frnfiosed . t&. d e m o n s t r a t e ' ,  
t h a t  m in e r a l  o i l s  h av e  a  s m a l l e r  s u r f a c e  t e n s i o n  t h a n  w a t e r ,  
and f a t t y  o i l s  h a v e  a  s t i l l  lo w e r  v a lu e  t h a n  m i n e r a l  o i l s .  
B oundary  f r i c t i o n  i s  shown t o  b e  a  f u n c t i o n  o f  t h e  c h e m ic a l  
c o n s t i t u t i o n  o f  t h e  l u b r i c a n t ,  and t h e  n a t u r e  o f  t h e  s o l i d  
s u r f a c e s ,  s i n c e  t h e s e  p r o p e r t i e s  a f f e c t  t h e  a t t r a c t i o n  b e tw e e n  
b o t h .
Bachmann and B re v e r  d e m o n s t r a te d  t h a t  t h e  h i g h e r  t h e  
l u b r i c a t i n g  pov/er o f  an  o i l ,  t h e  h i g h e r  i s  t h e  h e a t  o f  w e t t i n g  
a g a i n s t  f i n e l y  d iv id e d  c o p p e r .  T a k in g  100 gram s o f  c o p p e r ,  
t h e  h e a t s  o f  w e t t i n g  w ere :
C a s to r
o i l
L in s e e d
o i l P i to U M n P e t r o le u m P e t r o le u m  , 1%A cid
C a l o r i e s  1 2 .1 1 3 .8 3 .8 5 .7 2 1 .3
The e f f i c i e n c y  o f  t h e  a d d i t i o n  o f  s m a l l  q u a n t i t i e s  o f  ff%i& 
o rg a n ic  a c i d s  i n  lo w e r in g  t h e  s u r f a c e  t e n s i o n  o f  p e t r o le u m  
l u b r i c a n t s ,  and th u s  e n h a n c in g  t h e i r  "o i l in e ss* *  p r o p e r t i e s ,  i s  
c l e a r l y  d e m o n s t r a te d .  P o r  b o u n d a ry  c o n d i t i o n s  a  good l u b r i c a n t  
i s  one w hich  i s  s t r o n g l y  a t t r a c t e d  b y  t h e  s o l i d  w h e re a s  a  p o o r  
l u b r i c a n t  i s  one w hich  i s  a t t r a c t e d  l e s s  s t r o n g l y ,  ( r e f e r e n c e  
t o  p a p e r  on L u b r i c a t i n g  P r o p e r t i e s  o f  O i l s  ) .
v
' f t  .
. 2
A p a p e r  on "The E l a s t i c  Range o f  F r i c t i o n "  b y  J . S .  R a n k in  
and an a r t i c l e  on "The E f f e c t s  o f  G a s e s ,  V ap o u rs  and L i q u i d s  
on t h e  L i m i t i n g  F r i c t i o n  b e tw e e n  S o l i d  S u r f a c e s "  b y  J .M . 
M acA ulay3 show c l e a r l y  t h e  e f f e c t  o f  e x c e s s i v e  p r e s s u r e  and 
t h e  f a i l u r e  o f  l u b r i c a t i o n  i n  f r i c t i o n  when b o u n d a ry  c o n d i t i o n s
p r e v a i l .
L u b r i c a n t s  w i t h  F o rc e  F i t s ... T h a t  V i s c o s i t y  v a r i e s  w i t h  
p r e s s u r e  can  be  c l e a r l y  s e e n  by  e x a m in a t io n  o f  t e s t  f i g u r e s  
o b ta in e d  i n  l u b r i c a t i o n  o f  p lu g s  u se d  f o r  " F o rc e  F i t  
E x p e r im e n ts "  a l s o  "Q o n ta c t  F i lm  R e s i s t a n c e  i n  R a i l  Wheel F o rc e  
F i t s " .  ’ I n  F i g .  6 ( a ) ,  w i t h  a  M in e r a l  O i l ,  t h e  p u s h  o f f  f o r c e  
n e v e r  r e a c h e s  t h e  p u sh  on p r e s s u r e ,  show ing  t h a t  t h e  f i l m  h a s  
n o t  b ro k e n  down, w h ereas  i n  F i g .6 ( b )  t h e  t a l l o w  and  w h i t e  l e a d  
c u rv e s  show a  f a i l u r e  o f  t h e  f i l m  and a  p u sh  o f f  p r e s s u r e  
g r e a t e r  t h a n  t h e  p u sh  on p r e s s u r e .  The v i s c o s i t y  o f  t h e  
m in e r a l  o i l  h a s  i n c r e a s e d  n e a r l y  t e n  t im e s  u n d e r  r a d i a l  p r e s s u r e  
a t  t h e  same t im e  t h e  V i s c o s i t y  o f  t h e  t a l l o w  h a s  i n c r e a s e d  
f o u r  t i m e s .  T h e re  i s  a  c o ld - w o rk in g  c o n d i t i o n  o f  t h e  m a t e r i a l  
u n d e r  t e s t .  T h is  h a s  b e e n  c l e a r l y  e s t a b l i s h e d  by  D r .  R u s s e l l ,  
b u t  t h i s  i n v e s t i g a t o r  h a s  f a i l e d  t o  p o i n t  ou t  t h e  e f f e c t  o f  
t h e  d i f f e r e n t  f i l m  s t r e n g t h  o f  t h e  v a r i o u s  l u b r i c a n t s  u s e d .  
T a llo w  h a s  an  a p p ro x im a te  f i l m  s t r e n g t h  o f  4 0 ,0 0 0  l b .  ahd a  
f r i c t i o n  c o e f f i c i e n t  o f  0 .0 0 5 .  C a s t o r  o i l  h a s  a  f i l m  s t r e n g t h  
o f  6 0 ,000  l b .  and a  f r i c t i o n  c o e f f i c i e n t  o f  0 . 0 5 ,  and i t s  
w e t t i n g  v a lu e  i s  n o t  n e a r l y  a s  good as  t a l l o w .
F i g s .  7 t o  9 show c o m p a r iso n s  b e tw e e n  v e g e t a b l e  and 
an im a l  o i l s .  The f a t t y  a c i d  added t o  t h e  p u r e  r a p e  d o e s  n o t  
show a  g r e a t  im provem ent. These a r e  com pared i n  8 ( a )  and 
8 ( b ) .  When s e l e c t i n g  a  l u b r i c a n t  t o  be  u sed  f o r  p r e s s  on o r  
f o r c e  f i t s  t h e  a u th o r  would recommend t h a t  t h e  l u b r i c a n t s  b e  a  
m ix tu r e  o f  t h e  l u b r i c a n t s  w h ich  w i l l  com bine f i l m  s t r e n g t h  
( i . e .  c a s t o r  o i l )  and t h e  h i g h e r  w e t t i n g  p r o p e r t i e s ,  and lo w e r  
c o e f f i c i e n t  o f  f r i c t i o n  ( i . e .  T a l lo w ) .
* i * h  P r e s s i n g s . -  I f  a  c o r r o s i v e  s u b s t a n c e  added  t o  
t h e  l u b r i c a n t  would n o t  be  d e t r i m e n t a l ,  them  t h e  i n t r o d u c t i o n  
o f  a  v o l a t i l e  s u b s t a n c e ,  su c h  a s  c a r b o n  t e t r a c h l o r i d e ,  h a s  b e e n
L o b r \c.f\ k *t s  w \t
BPiyohiNE
T*u-ow w i t h
,LLOW
fo u n d  t o  so  f o r t i f y  t h e  f i l m  s t r e n g t h  a s  t o  make i t  a lm o s t  
i n d e s t r u c t i b l e .  The a p p l i c a t i o n  o f  su c h  a  compounded 
l u b r i c a n t ,  c a s t o r  o i l ,  t a l l o w ,  and c a r b o n  t e t r a c h l o r i d e ,  t o  
t h e  s u r f a c e  o f  a  s h e e t  s t e e l  p l a t e  p r e s s i n g  h a s  r e d u c e d  t h e  
pow er r e q u i r e d  by  n e a r l y  30 p e r  c e n t , and t h e  w i th d r a w a l  o f  
t h e  p r e s s  t o o l  from t h e  p r e s s i n g  and t h e  p r e s s i n g  from  t h e  
d i e  was v e r y  much s i m p l i f i e d .  A d v an tag e  o f  t h e  l u b r i c a t i n g  
p r o p e r t i e s  h a v e  b e e n  t a k e n  t o  make m a t e r i a l  f lo w  i n t o  a  
d i f f i c u l t  d i e  f o r m a t i o n ,  and a t  some p a r t s  o f  t h e  m e ta l  s h e e t  
t o  b e  p r e s s e d  no l u b r i c a t i o n  has  b e e n  a p p l i e d ,  and t h e  m e ta l  
h a s  b e e n  fo u n d  t o  h o ld  w i t h  l i t t l e  o r  no m ovem ent.
The a u th o r  h ad  t h e  o p p o r t u n i t y  o f  c a r r y i n g  o u t  many e x p e r im e n t s  
i n  t h e  G a r t s h e r r i e  E n g in e e r in g  Company and W e ld le s s  C h a in  w orks  
a t  C o a tb r id g e  w i t h  p r e s s i n g  and s t r i p p i n g  t o o l s .
The d i e s  w ere  found  t o  l a s t  l o n g e r  i f  a  l u b r i c a n t  o f  h i g h  f i l m  
s t r e n g t h ,  low  c o e f f i c i e n t  o f  f r i c t i o n ,  and good w e t t i n g  
p r o p e r t i e s ,  was u s e d .
L u b r i c a n t s  w i t h  B e a r i n g s . -  W hile  c o n s i d e r i n g  t h e  e f f e c t  o f  
b o u n d a ry  l u b r i c a t i o n  and s e m i - l u b r i c a t i o n ,  t e s t s  w ere  c a r r i e d  
o u t  on l u b r i c a t i n g  o i l  drawn from  t h e  c r a n k  c a s e  o f  a  m o to r  c a r  
a f t e r  d i f f e r e n t  p e r i o d s  o f  u s e .  The o i l  was a l lo w e d  t o  s t a n d  
i n  a  t e s t - t u b e  u n t i l  a l l  s e d im e n t  h ad  s e p a r a t e d ,  and th e n  t h e  
u s u a l  t e s t s  w ere  c a r r i e d  ou t on t h e  D e e le y  and B o u l t  t e s t i n g  
m a c h in e s .  V ery  l i t t l e  d i f f e r e n c e ,  i f  an y ,  cO uld  b e  d e t e c t e d  
b e tw e e n  t h e  new afcd t h e  o ld  o i l .  I n  some c a s e s  t h e  o ld  o i l  
a p p e a re d  t o  p o s s e s s  l u b r i c a t i n g  q u a l i t i e s  s u p e r i o r  t o  t h e  new 
o i l .  I t  was fo u n d ,  h o w ev er ,  t h a t  t h e  p eg s  on t h e  D e e le y  
m achine  and t h e  s t e e l  p l a t e  had  t h e i r  s u r f a c e s  d e s t r o y e d  when 
l e f t  i n  t h e  o i l  u n d e r  h ea v y  p r e s s u r e > A ls o ,  t h a t  i n  s t a r t i n g  
up and s to p p in g  t h e  B o u l t  m ach ine  b e a r i n g  s u r f a c e s  w ere  b e i n g  
d e s t r o y e d  by  t h e  c r a n k - c a s e  o i l .
A c h e m ic a l  t e s t  was a p p l i e d  t o  t h e  o ld  and t h e  new o i l s ,  
and i t  was found t h a t  an a p p r e c i a b l e  amount o f  s u l p h u r i c  a c i d  
had b e e n  added t o  t h e  l u b r i c a t i n g  o i l  i n  t h e  c r a n k - c a s e .
T h e /
/ /
The HgSO^ had  n o t  d i s s o l v e d  i n  t h e  o i l  b u t  was h e l d  i n  
s u s p e n s i o n ,  and c o u ld  b e  s e p a r a t e d  by  a  c e n t r i f u g a l  s e p a r a t o r .  
The a g e in g  t e s t  on t h e  D e e le y  showed s i g n s  o f  t h e  c o r r o s i v e  
e f f e c t  o f  t h e  a c i d .  The o i l  f i l m  had  b e e n  b ro k e n  by  t h e  
a p p l i c a t i o n  o f  h e a v y  l o a d s  and w here  t h i s  had  t a k e n  p l a c e  t h e
a c i d  coming i n  d i r e c t  c o n t a c t  w i t h  t h e  m e ta l  a t t a c k e d  i t  w i t h
v i g o u r .
On b e a r i n g s  - f  HgSO^ —
and i s  f o l lo w e d  by  a  s e c o n d a ry  r e a c t i o n
Pe S04 +  $2  Pe S ^  H2°
The B e a r in g  M achine w h ich  was d e s ig n e d  i n  t h e  R o y a l 
T e c h n ic a l  C o l l e g e  i s  f i t t e d  w i t h  a  d o u b le  r i n g  o i l e r  b e a r i n g  
2-J- i n .  d i a m e te r  and 5 i n .  l o n g .  By i n d e n t i n g  i n t o  t h e  to p  
b e a r i n g  b u sh  p i e c e s  o f  m a t e r i a l  t o  be  t e s t e d ,  t h e  q u e s t i o n  o f  
f r i c t i o n  w i t h  s e m i - l u b r i c a t i o n  and t h e  w ear  o f  m a t e r i a l  u n d e r  
d i f f e r e n t  c o n d i t i o n s  c a n  b e  c o n s i d e r e d .  The r i n g s  may b o th  
b e  removed o r  one may b e  a l lo w e d  t o  c a r r y  o i l  t o  t h e  s h a f t ,  
t h u s  s u p p ly in g  o i l  t o  t h e  f r i c t i o n  pad  p i e c e  u n d e r  t e s t .
I n  t h i s  way an  a b u n d a n t ,  a  r e s t r i c t e d  s u p p ly ,  o r  no o i l
s u p p ly  c a n  b e  o b t a i n e d .  The ru b b in g  s p e e d ,  V, and t h e  
p r e s s u r e ,  p ,  p e r  u n i t  a r e a  o f  r u b b in g  s u r f a c e ,  was a l t e r e d  
th r o u g h o u t  t h e  t e s t s ,  a l s o  t h e  t e m p e r a tu re s  ra n g e  from  66 t o  
2 0 0 °P . and wus k e p t  c o n s t a n t  a t  sl p r e d e te rm in e d  c o n d i t i o n .
The c r i t i c a l  c o n d i t i o n  i s  'te&cLed *hen- V / f p s s  g r e a t e r  th a n  
UMlts
in  l b . f t . m i n / a s  t h e  c o e f f i c i e n t  o f  f r i c t i o n  r a p i d l y  i n c r e a s e s .
When SO l b . f t . m i n .  u n i t  h a s  b e e n  exc.§@Sfed t h e  fs e m i - f l u i d 1 p h a se
i s  a t t a i n e d .  A lth o u g h  t h e  f r i c t i o n  i s  l e s s  when V / /p  3o 
u n its
tyi l b . f t . m i n . 1, i t  would a p p e a r  t h a t  t h e  ch an ce  o f  s e i z u r e  i s  
g r e a t e r  and t h e  w ear i s  a l s o  more r a p i d .  In  t h e  s e m i - f l u i d  
c o n d i t i o n  t h e  c o e f f i c i e n t  i s  in d e p e n d e n t  o f  v i s c o s i t y .
T e s t s  and T e s t  R e s u l t s :  D e e le y  Machine*
S e r i e s  1-. -  N ickel-C hrom e S t e e l  on W hite  M e ta l .
To f i n d  t h e  e f f e c t  o f  m ach ine  f i n i s h  o r  sm oothness  o f  s u r f a c e s  
on S t a t i c  F r i c t i o n .
T h e /
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The O i l  i n  u s e  i s  C a s t r o l  XL. and t h e  o n ly  a l t e r a t i o n  
made t o  t h e  S ta n d a r d  D e e le y  m ach in e  was t h e  a d d i t i o n  o f  a  
h e a t i n g  c o i l ,  so  t h a t  t h e  t e m p e r a t u r e  o f  t h e  o i l  m ig h t  be  
v a r i e d  o r  m a i n t a i n e d .  The p r o p e r t i e s  o f  t h e  n ic k e l - c h ro m e  
s t e e l  and t h e  w h i t e  m e ta l  h a v e  a l r e a d y  b e e n  g iv en ^  / . * .
The s t e e l  p e g s  h av e  b e e n  f i n i s h e d  c a r e f u l l y ,  and la p p e d  
t o  g iv e  a  sm ooth  s u r f a c e  w h ich  i s  p e r f e c t l y  f l a t  t o  b e a r  
a g a i n s t  a  w h i t e - m e ta l  s u r f a c e .
The w h i t e  m e ta l  s u r f a c e  i s  f i n i s h e d  i n  t h e  f o l l o w in g  
m a n n e r : -
(1) S u r f a c e  f i n i s h  -  f i n e  o r  sm ooth t u r n e d .
(2) H w a f t e r  smooth t u r n i n g ,  s c r a p e d .
(3) M n -  a f t e r  t u r n i n g  and s c r a p i n g ,  t h e  w h i te
m e ta l  i s  b u r n i s h e d  w h ich  c a u se d  
f lo w in g  and &as a  h a r d e n in g  e f f e c t .
(4} " H same a s  (3) b u t  w i t h  second  b u r n i s h i n g .
(5) T e s t  m a t e r i a l s  ru b b ed  a g a i n s t  e a c h  o t h e r  u n d e r  l i g h t
p r e s s u r e .  The e f f e c t  p ro d u c e d  i s  s i m i l a r  t o  R u n n in g -  
in "  o f  a  j o u r n a l  b e a r i n g .
(6) I s  t h e  same a s  (5) b u t  w i th  l o n g e r  p e r i o d  o f  r u n n i n g - i n .
(7) I s  t h e  same as  (5) and (6) b u t  w i t h  s p e c i a l  f i n i s h .
The e f f e c t  o f  t h e  f i n i s h  i s  c l e a r l y  shown i n  t a b l e  of 
r e s u l t s ,  by  t h e  g r a d u a l  lo w e r in g  o f  t h e  s t a t i c  v a lu e  o f  t h e  
c o e f f i c i e n t ^  . The a v e ra g e  v a lu e  of/*- becomes q u i t e  s t e a d y  
a f t e r  ( 3 ) ,  show ing  t h e  v a lu e  o f  r u n n i n g - i n .
(See T a b le  o f  R e s u l t s  on s e p a r a t e  s h e e t )
S e r i e s  I I . -  N ic k e l  Chrome S t e e l  on P h o sp h o r  B ro n z e .
I n  t h i s  c a s e  t h e  r e s u l t a n t  ch an g es  a r e  n o t  q u i t e  so  m ark ed . 
The f i r s t  t u r n i n g  f i n i s h  i s  much b e t t e r  t h a n  t h a t  o f  t h e  w h i t e -  
m e t a l .  The t u r n i n g  t o o l  d oes  n o t  c a u se  so much c h a t t e r i n g  o r  
k n u r l i n g  on t h e  s u r f a c e  o f  t h e  h a r d e r  p h o sp h o r  b ro n z e  p l a t e .
The h a r d e r  m a t e r i a l ,  B r i n e l l  Ho. 93, 10 mm. b a l l  and 1000 Kg, 
c o r r e s p o n d in g  t o  R ochw ell R^ 50* ^  in* b a l l  and 100 Kg. t a k e s  
on a  much b e t t e r  f i n i s h  w i th  a p p a r e n t l y  l e s s  c a r e  t h a n  th e  
w h i t e - m e t a l ,  w h ich  when t e s t e d  f o r  h a r d n e s s  on t h e  Rockw ell 
m a c h in e /
m a c h in e  s p e c i a l l y  e q u ip p e d  w i t h  an  £  i n .  d i a m e t e r  b a l l  and a  
p r e s s u r e  o f  60 Kg. T h is  s p e c i a l  eq u ipm en t a  faasiive o f  t h e
h a r d n e s s  o f  f a b r i c  and  s o f t  m a t e r i a l  VXe*. r e a d  on t h e  s c a l e ,  
and c o r r e s p o n d e d  i n  t h e  c a s e  o f  w h i t e  m e ta l  50 , t o  B r i n e l l
N o.2 9 ,  22-g- mm. b a l l  and 500 Kg.
A n o te  on t h e  v a r i o u s  m ethods  o f  t e s t i n g  f o r  h a r d n e s s ,  
and on t h e  c o n n e c t io n  b e tw e e n  t h e  h a r d n e s s  num bers h a s /b e e n  
fx - l ly  l&ea.2t w i t h  in .  t h i s  i n v e s t i g a t i o n .  T h is  s u b j e c t  i s  i
w o r th y  o f  a  th o ro u g h  i n v e s t i g a t i o n .  The h a r d n e s s  number h a s  
b e e n  made u s e  o f  i n  t h e  s e l e c t i n g  o f  t h e  b e s t  sp e e d s  and f e e d s  
f o r  m a c h in in g .
T a b le  s h o w i n g ^ —v a l u e  f o r  d i f f e r e n t  f i n i s h e s .
N ic k e l-c h ro m e  s t e e l  on P h o sp h o r  B ro n z e .
F i r s t  F i n i s h  -  M ach ined ; Second F i n i s h  -  M achined and 
s c r a p e d ;  T h i r d  F i n i s h  -  M ach ined , s c ra p e d  and r u n - i n .
Load on F i r s t  F i n i s h  Second F i n i s h  T h i rd  F i n i s h
b e a r in g  E f f o r t  -  E f f o r t  -  , E f f o r t  -
M a te r i a l
10 9 .5 o r f l ii 9 .5 8 .7 5 o r* T l 8 8 .7 5 8 .5 o rv -1 a 8 .5 0
20 1 8 .2 5 i« 2 «■» 9 .1 2 1 8 .1 » 2 88 9 .0 5 1 7 .5 " 2 - 8 .7 5
50 2 7 .3 " 3 wm 9 .1 0 2 6 .7 ii 3 JJ 8 .9 0 2 6 .0 « 3 08 8 .6 6
40 3 5 .6 « 4 - 8 .9 0 3 5 .1 n 4 - 8 .7 7 3 4 .9 h 4 m 8 .7 2
50 4 3 .2 5 " 5 - 8 .6 5 4 3 .0 ii g 8 8 .6 0 4 2 .5 ii 5 5 8 .5 0
60 5 1 .8 0 it 6 — 8 .6 5 5 1 .5 « 6 m 8 .5 9 5 1 .0 it 6 «* 8 .5 0
70 6 1 .7 5 i« 7 — 8 .8 2 6 0 .0 it 7 8 .5 5 6 0 .0 « 7 88 8 .5 7
80 7 0 .2 5 H 8 1 0 .0 3 7 0 .0 n 8 «8 8 .7 5 7 0 .0 « 8 s 8 .7 5
90 8 2 .2 5 ii 9 - 9 .1 4 8 0 .1 w 9 - 8 .9 0 8 0 .0 « 9 - 8 .9 0
100 9 4 .0 it 10 tt 9 .4 0 9 0 .0 «10 8 9 .00 8 8 .0 «ao 8 8 .8 0
One p o i n t  w h ich  i s  c l e a r l y  b ro u g h t  out i n  t h i s  t e s t  i s  
t h e  g r e a t  a d v a n ta g e  o f  r u n n i n g - i n  b e a r in g s  a t  l i g h t  l o a d s .
T h e re  was a  te n d e n c y  f o r  th e  b e a r i n g  s u r f a c e s  t o  s e i z e  a t  heav y  
l o a d ,  i f  t h e  s u r f a c e s  w ere  n o t  p e r f e c t l y  sm ooth, even  a l th o u g h  
t h e  p r e c a u t i o n  o f  i n s e r t i n g  a  f i l m  o f  o i l  had b een  t a k e n .
Example (a) -  W h ite -m e ta l  t u r n e d  (on ly )  and g a t i n g  w i th  
smooth f i n i s h e d  N ickel-C hrom e s t e e l  a t  t h e  b e a r in g  p r e s s u r e  of 
100 l b .  p e r  s q . i n .  gave a  r e a d in g  170 on th e  L e e le y  m ach in e ,  
o r  a  s t a t i c  c o e f f i c i e n t  o f  ™  * A\ 0' W  = = 0 *3 8 7 *
A f t e r /
A f t e r  p e r f e c t l y  sm ooth  s u r f a c e s  w ere  o b t a in e d  w i t h  
p o l i s h i n g  t h e  r u b b i n g - i n  p r o c e s s  a p p l i e d  fo l lo w e d  b y  t h e  
c l e a n i n g  p r o c e s s  r e f e r r e d  t o  i n  some o f  t h e  p r e v i o u s  p a p e r s  
i n  t h e  u s e  o f  t h e  D e e le y  m a c h in e .  The v a lu e  ofyU . becomes 
9*3
4 3 .5 3  = w h ich  i s  a  d e c r e a s e  i n  t h e  s t a t f c
f r i c t i o n  v a lu e  o f  4 5 ^ .
Example (b) -  P h o sp h o r  B ro n ze  (Turned sm o o th ly  n o t  p o l i s h e d )
a t  h i g h  lo a d  w i t h  n ic k e l - c h ro m e  s t e e l ,  p r e s s u r e  100 l b  . p e r  
s q . i n .  gave
0 .2 6  f o r  t h e  v a lu e  o f  s t a t i c
0 .2 2  a  lo w e r in g  o f  t h e  s t a t i c  
f r i c t i o n  c o e f f i c i e n t  v a lu e  b y  2 2 .3 $  b y  l a p p i n g  and p o l i s h i n g  
t h e  s u r f a c e s  o f  t h e  b e a r i n g  m a t e r i a l s .
S e r i e s  I I I .  -  C a s to r  O i l  b e in g  t h e  l u b r i c a n t  and b e a r i n g  
s u r f a c e s  ITickel-Chrom e S t e e l  on C a s t  I r o n .
T a b le  o f u . -  v a lu e s  f o r  d i f f e r e n t  f i n i s h e s : -
Load on m m  ̂ R u n - in  on l ig h j r
B e a r in g  Smooth T urned  Smooth T urned  lo a d  met a l  on
M a t e r i a l  and s c r a p e d  and p o l i s h e d  met a l  l u b r i c a n t s
10 6 .5 1 s 6 .5 6 1 m 6 5 .7 1 — 5 .7
20 1 2 .7 5 2 s 6 .3 7 1 1 .4 2 s 5 .7 1 1 .6 2 s 5 .8
30 1 9 .2 0 3 «. 6 .4 1 7 .3 5 3 s 5 .7 8 1 7 .2 5 3 s 5 .7 5
40 2 5 .8 4 ta. 6 .4 5 23 4 mS 5 .7 5 2 2 .6 4 s 5 .6 5
50 3 1 .5 5 ■ 6 .3 2 8 .8 5 m 5 .7 6 2 8 .7 5 5 m 5 .7 5
60 3 8 .0 6 u 6 .3 5 3 4 .2 6 m 5 .7 3 4 .5 6 u 5 .7 5
70 4 4 .0 7 2 6 .3 4 0 .1 7 mm 5 .7 3 4 0 .2 5 7 z 5 .7 5
80 50 8 m 6 .2 5 4 5 .6 8 m 5 .7 4 5 .25 8 m 5 .6 6
90 5 5 .8 9 - 6 .2 51 .25 9 s 5 .7 5 0 .8 9 s 5 .6 4
100 6 0 .2 10 5 6 .0 2 5 6 .7 10 mm 5 .67 5 5 .5 10 - 5 .5 5
S t a t i c
P r i c t i o n  yU . s 0 .1 4 5  s  0 .1 3 2  ^  » 0 .1 3 1
Example (c)  -  C a s t  I r o n  (smooth t u r n e d  and s c ra p e d  n o t
p o l i s h e d )
a t  h i g h  l o a d  w i t h  E icke l-C hrom e S t e e l  a t  a  p r e s s u r e  100 lb  . p e r
6 0 .2  x  10 6 0 .2
s  4 x
10 x  4 3 .5 8  
f r i c t i o n ,  w h ic h  changed  t o
- 38x 10
l O x  4 3 .5 8
and  when t h e  b e a r i n g  s u r f a c e s  h ad  b e e n  p o l i s h e d ,  r u b b e d - i n  on 
o i l
5 .5 5  x  10
10 x  4 3 .5 8 5 .5 5 0 .1 2 7
4 3 .5 8
w h ich  shows a  lo w e r in g  o f  t h e  s t a t i c  f r i c t i o n  v a lu e  o f  o n ly  
S%.
U sing  t h e  B r i n e l l  Ho. a s  a  b a s i s  o f  h a r d n e s s  f o r  t e s t  m a t e r i a l ,  
w h i t e - m e t a l ,  29; p h o s p h o r  b r o n z e ,  93; c a s t  i r o n ,  1 90 .
The r e s u l t s  c o n f i r m  t h a t  t h e  h a r d n e s s  o f  a  m a t e r i a l  even  
when o n ly  sm ooth  f i n i s h e d  h a s  r e s i s t i n g  p r o p e r t i e s  on th e  
t o o l  r i d g e s .  The r i d g e s ,  l e f t  by t h e  t u r n i n g  and s p r i n g  
s c r a p e r ,  i n  t h e  c a s e  o f  w h i t e - m e t a l ,  have  a  te n d e n c y  t o  c a u se  
t h e  b e a r i n g  m a t e r i a l s  t o  s e i z e .  I t  i s  w e l l  known t h a t  w h i te -  
m e t a l  f lo w s  u n d e r  p r e s s u r e  and t h a t  t h e  o i l  f i l m  i n  a  j o u r n a l  
b e a r i n g  i s  e f f e c t e d  by t h i s  f lo w .  The m e ta l  f o l lo w s  th e  
e c c e n t r i c i t y  o f  t h e  l o a d i n g  and t h i s  i s  f o l lo w e d  by  a  
r e d u c t i o n  o f  t h e  c l e a r a n c e .
S e r i e s  IV. -  L u b r i c a t i n g  O i l  C a s to r  XL w i t h  d i f f e r e n t  
b e a r i n g  m e ta l s  and v a r y in g  l o a d s .  The v e l o c i t y  o r  ru b b in g  
sp e e d  was k e p t  a s  c o n s t a n t  a s  p o s s i b l e  th ro u g h o u t  t h e  t e s t s .
T l )
C a s t  I r o n  on (2) C a s t  I r o n  on
Load W hite  M e ta l C as t I r o n
10 6 .8 7 .9 7 .1 1 7 .1 5 .8 1 - 5 .8 5 5 .7 1 m 5 .7
20 1 4 .2 1 5 .5 1 4 .8 2 m i 7 .4 1 1 .7 5 2 ~ 5 .8 7 1 1 .5 2 5 .7 5
30 2 2 .5 2 4 .5 2 3 .0 3 m 7 .6 1 7 .6 5 3 a 5 .8 8 1 8 .6 3 s 6 .2
40 35 36 3 5 .5 4 mmmm 8 .9 2 4 .5 4 a 6 .1 2 2 4 .5 4 8 6 .3 7
50 43 44 4 3 .2 5 5 a 8 .6 5 3 1 .2 5 5 s 6 .2 5 3 1 .7 5 8 6 .3 4
60 5 2 .5 54 5 3 .0 6 a 8 .8 3 7 .1 6 8 6 .2 3 6 .3 6 a 6 .0 5
70 62 62 62 7 a 8 .8 5 4 3 .5 7 a 6 .2 1 4 2 .6 7 a 6 .0 8
80 75 73 70 8 a 8 .7 4 8 .5 8 a 6 .0 6 4 7 .5 8 a 5 .9 4
90 84 80 81 9 a 9 .0 5 4 .6 9 « 6 .0 6 5 2 .1 9 • 5 .8
100 100 97 89 10 a 8 .9 5 9 .2 10 a 5 .9 2 5 8 .6 10 * 5 .8 6
S t a t i c  v a l u e o f ^  a  0 .1 9 4 "  43 \ 58 * 0 .1 * 7
.
G il 2 ( a )M.A. on G . I .
2 (b )  2(c).
M.S. on P'.B. M.S. on M.S.
Bayonne o i l
Bayonne 2%
n ? aP© C a s t r o l  XL
0 .216  
a .  3286 
o . i 9 a
0 .2 2 6
0 .1 9 6
0 .2 0 8
0 .267
0 .2 1 4
0 .2 4 1
T r» ( 3 )
i j0aa  C a s t  I r o n  on P h o sp h o r  B ro n ze
10 8 .5 8 .2 1 • 8 .3
20 1 7 .6 1 6 .8 2 a 8 .6
30 2 7 .5 2 5 .5 3 a 8 .8
40 3 6 .2 3 4 .5 4 m 8 .8
50 4 5 .2 4 3 .7 5 a 8 .9
60 5 4 .2 5 2 .5 6 a 8 .9
70 6 3 .5 6 1 .7 5 7 a 8 .9 8
80 7 0 .0 6 9 .5 8 * 8 .7 5
90 7 8 .5 7 7 .5 9 a 8 .6 6
100 8 4 .8 8 3 .3 8 10 m 8 .5 2
a  8 • 6 0 .1 9 8
43
iIcor.
(1) C a s t  I r o n  on W h i te - M e ta l . -  In  t h i s  t e s t  th e  same
d i f f i c u l t y  o f  o b t a i n i n g  a  c o r r e c t  v a lu e  a t  h ig h  lo a d s  was in
e v i d e n c e ,  t h e  c a s t  i r o n  h a v in g  t o  be  ru n  a g a i n s t  th e  w h i t e -
m e ta l  s u r f a c e  ( a t  l i g h t  l o a d s )  u n t i l  a  p e r f e c t  smooth
s u r f a c e  h ad  b e e n  o b t a i n e d .  As i n  t h e  p r e v io u s  t e s t s  th e
maximum lo a d  i s  100 l b  . p e r  s q . i n c h .
Maximum -  — Q— — * 0 .2 2 1  and m i n i m u m s  — ■■
^  4 5 .5 8  4 3 .5 8
* 0 .2 0 2 ,  a  d i f f e r e n c e  o f  8 .1 8 $  due t o  d i f f e r e n c e  o f  s u r f a c e
c o n d i t i o n s .  The s u r f a c e  o f  t h e  w h i te  m e ta l  had  b een  
p o l i s h e d ,  and e f f e c t i v e l y  c l e a n e d  in  t h e  way a l r e a d y  e x p l a i n e d .
(2) C a s t  I r o n  on C a s t  I r o n . -  The v a lu e s  o b ta in e d  f o r  th e  
s t a t i c  f r i c t i o n  a r e  e x t r e m e ly  r e g u l a r .  The same t e s t  had  been  
c a r r i e d  out w i t h  t h e s e  two m e ta l  s u r f a c e s  more th a n  e i g h t  
m onths  p r e v i o u s l y ,  and t h e , ^  — v a lu e  o b ta in e d  was 0 .1 3 1 ;
i n  t h e  p r e s e n t  t e s t ^ / ^  s  0 .1 3 7 .  The i n c r e a s e  i n  th e  
c o e f f i c i e n t  due t o  a g e in g  had  b e e n  n o t i c e d  among th e  f i r s t  
e x p e r im e n ts  w here th e  p e r i o d  o f  a g e in g  was t e n  d a y s ,  and t h i s  
t e s t  was p u t  on t o  c o n f i rm  th e  s ta te m e n t  t h a t  a g e in g  a l t e r s  th e  
v a lu e  o f  t h e  s t a t i c y ^  . 2 (h )  H i g h - v a l u e  0 . 3 4 , s e i z u r e  o c c u r s .
(3) C a s t  I r o n  on P h o sp h o r  B ro n z e .  •  There  i s  n o t  th e  same 
te n d e n c y  t o  s e i z e  a t  h ig h  l o a d s ,  b u t  s t i l l  t h e r e  was a  g r ip  
b e tw een  t h e  s u r f a c e s  g i v in g  a  h i g h e r  v a lu e  o f ^ c  , w hich 
d e c r e a s e d /
d e c r e a s e d  w i t h  r u b b i n g - i n  o f  t h e  s u r f a c e s .  The v a lu e s  g iv e n
i n  t h e  t a b l e  a r e  f o r  t h e  c o n d i t i o n  a f t e r  a  t r u e  b e a r i n g
s u r f a c e  h ad  b e e n  o b t a i n e d .  F o r  c u r v e s  s e e  C a ld w e ll  and 
Y.Thomson.
P in e  F i n i s h  t o  T urned  S u r f a c e s  
In  m aking  new t e s t  p l a t e s  f o r  t h e  D e e le y  m ach ine  t h e  
p ro b le m  o f  f i n i s h  p r e s e n t e d  a  c o n s i d e r a b l e  d i f f i c u l t y .
The p l a t e s  w ere  sm ooth t u r n e d .  T h is  s u r f a c e  u n d e r  th e  
m ic ro s c o p e  p r e s e n t e d  a  m ost i r r e g u l a r  a p p e a r a n c e .  A s p r i n g  
s c r a p e r  was u se d  and t h e  r i d g e s  p a r t l y  d i s a p p e a r e d ,  b u t  s t i l l  
t h e  s u r f a c e  was v e ry  i r r e g u l a r .  V a r io u s  l u b r i c a n t s  w ere 
t r i e d  a s  c o o l a n t s  f o r  t h e  l a t h e  t o o l ,  t h e  shape  o f  t h e  t o o l  
b e i n g  k e p t  t h e  same t h r o u g h o u t .  I t  was found  t h a t  a  sm a l l  
d ro p  o f  g l y c e r i n e  and  w a te r  gave t h e  b e s t  f i n i s h  and av o id e d  
t h e  u se  o f  a  carbonundum  o i l  s l a b .  The use  o f  t h e  g r i n d e r  
w ould  h a v e  i n t r o d u c e d  an unknown f a c t o r  i n t o  t h e  f r i c t i o n  
t e s t s .  P u re  o i l  o f  t u r p e n t i n e  was t r i e d  on t h e  s p r in g  
s c r a p e r  b u t  t h e  s u r f a c e  o b t a in e d  was r o u g h e r .
T e s t s  and T e s t  R e s u l t s :  B e a r in g  M ach ine .
The m ach in e  as  d e s ig n e d  d id  n o t  come up t o  t h e  r e q u i r e ­
m en ts  o f  r e s e a r c h  work i n  a l l  t h e  p o i n t s  o f  l u b r i c a t i o n  o f  
j o u r n a l  b e a r i n g s ,  and was r e p l a c e d  by  D r .  Thomson by a
4,
m ach ine  d e s c r i b e d  in  an a r t i c l e  on L u b r i c a t i o n  a n d  B e a r in g  
D e s ig n .  The m a c h in e ,  how ever, i s  q u i t e  s u i t a b l e  f o r  t e s t s  
on e f f e c t  o f  sm oothness  o f  m achine  s u r f a c e  u s in g  p h o sp h o r  
b ro n z e  and w h i te  m e ta l  b u sh e s  o r  pad  p i e c e s .  I t  may a l s o  be  
u se d  a s  a  l u b r i c a n t  and w ear t e s t e r  i n  c o n ju n c t io n  w i th  t h e  
D isc  M achine u sed  f o r  f a b r i c  m a t e r i a l ,  g iv in g  an e x c e l l e n t  
ut-eaykS o f  com paring  o i l s  o r  f r i c t i o n  m a t e r i a l  when ru n n in g  
a g a i n s t  a  l u b r i c a t e d  o r  w e t te d  s u r f a c e .
The f r i c t i o n  a t  v a r i o u s  ru b b in g  sp eed s  can be  d e te rm in e d .  
The te m p e r a tu r e  o f  t h e  l u b r i c a t i n g  o i l  i s  k e p t  c o n s t a n t ,  and 
t h e  lo a d  i s  v a r i e d  o v e r  t h e  t e s t ,  b u t  may be k e p t  c o n s ta n t  
o v e r  a  ra n g e  o f  s p e e d s .
S e r i e s  1 /
S e r i e s  I .  t e s t  (a) -  T e m p e ra tu re  k e p t  c o n s t a n t  a t  66 °P .
Speed v a r i e d  from  0 -  400 r . p . m .  o r  0 t o  314 f t  . p e r  m in .  
t o  1280 f t .  p e r  m in .
Load v a r i e d  from  56 -  160 l b .  p e r  i n 2 and t h e n  t o  228 l b / i n 2 
O i l  u s e d  -  Gas E n g in e  L u b r i c a n t •
See s e p a r a t e  s h e e t  f o r  T a b le .
The j o u r n a l  b e a r i n g  h ad  a l r e a d y  b e e n  ru n n in g  f o r  e i g h t  h o u r s  
b e f o r e  t e s t  r e a d i n g s  w ere  t a k e n .  The s u r f a c e  o f  t h e  m a t e r i a l  
was e x t r a  sm ooth and a t  t h e  end o f  t e s t  was i n  p e r f e c t  
c o n d i t i o n .  ( P i g . 10) j>. f?.
S e r i e s  I .  t e s t  (b) -  T e m p e ra tu re  k e p t  c o n s t a n t  a t  13 8 °P . 
Speed  v a r i e d  from  0 t o  400 r . p . m .  t o  1600 r . p . m .  o r  1280 f t .  
p e r  m in .
Load v a r i e d  from  0 t o  228 l b . / i r fi .
O il  u s e d  -  Gas E ng ine  L u b r i c a n t .
See s e p a r a t e  s h e e t  f o r  t a b l e .
C o n d i t io n s  w ere  d i f f i c u l t  t o  keep  c o n s t a n t  d u r in g  t h e  l a t t e r  
p e r i o d  o f  t h i s  t e s t .  An e x a m in a t io n  o f  t h e  b e a r i n g  showed 
s ig n s  o f  s e i z u r e  o f  b e a r i n g  s u r f a c e .  Z i s  v i s c o s i t y  t& 
p o i s e .
S e r i e s  I .  t e s t  (c) -  T e m p e ra tu re  k e p t  c o n s t a n t  a t  190°P . 
Speed v a r i e d  from  0 t o  1280 f t .  p e r  m in .
Load v a r i e d  from  0 t o  228 l b .  p e r  i n 2 .
O i l  u s e d  -  Gas E ng ine  L u b r i c a n t .
See s e p a r a t e  s h e e t  f o r  t a b l e . ,
As i n  T e s t  (c) th e  b e a r i n g  showed te n d e n c y  t o  l a c k  o f  o i l  
s u p p ly  and s e i z u r e  o f  b e a r i n g  s u r f a c e s .
A lthough th is  in v e s t ig a t io n  d ea ls  c h ie f ly  w ith  th e  e f fe c t  
on f r i c t i o n  o f  d i f f e r e n t  f in is h e s  o f m a te r ia ls ,  and d i f f e r e n t  
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o i l s  u sed  as  l u b r i c a n t s ,  i t  w ould  be  o f  i n t e r e s t  t o  exam ine 
t h e  r e s u l t s  i n  t h e  l i g h t  o f  t h e s e  o b t a in e d  by t h e  new
m ethod  o f  l o a d i n g  t h e  r i n g  l u b r i c a t i o n  a lm o s t  f a i l e d  t o  
a c t , and t h e  d i s p la c e m e n t  o f  t h e  B e a r in g  on t h e  s h a f t  
endways h ad  t o  be  made u se  o f  t o  a s s i s t  f i l m  l u b r i c a t i o n .
I t  was found  a lm o s t  im p o s s ib le  t o  m easu re  a n g u la r  d i s p l a c e ­
ment o r  e c c e n t r i c i t y ,  b u t  i t  was e a s y  t o  o b t a i n  *g r e a s y 1 
l u b r i c a t i o n  c o n d i t i o n s ,  and c o n d i t i o n s  o f  b e a r i n g  a t  low 
p e r i p h e r a l  v e l o c i t y  o f  t h e  s h a f t .  The te m p e r a tu r e  co u ld
be l i m i t e d ,  o r  t h e  h e a t  g e n e r a t e d  e a s i l y  a c c o u n te d  f o r ,  and
W V L n  / AxJ! 6e&.y/*cf 
p u t  i n  t h e  form  o f  H eat G e n e ra te d  a zz KM-L - Projected ase*.
77fe v a lu e  i s  s im p ly  o b ta in e d x a s  th e  b a s e  and c o v e r  i s  much
t h a t  an  o i l  f i l m  i s  o b ta in e d  o r  m a in t a in e d ,  b u t  w i th  th e
new m achine  a t  s t a r t i n g  and s to p p in g  th e  f i l m  can  h a r d l y  be
i n  e x i s t e n c e  o v e r  a  c e r t a i n  p e r i o d  u n l e s s  s p e c i a l  p r o v i s i o n
i s  made f o r  i t s  f o rm a t io n  and m a in te n a n c e .  The two aims
o f  r e l i a b i l i t y  and r e d u c t i o n  i n  f r i c t i o n ,  a t  s t a r t  and f i n i s h  
fAe
o f / p e r i o d  o f  r u n n i n g , a r e  i n  o p p o s i t i o n  i n  c e r t a i n  r e s p e c t s  
s i n c e  r e l i a b i l i t y  and p r o v i s i o n  a g a i n s t  o v e r lo a d s  and 
r e d u c e d  sp e e d s  e n t a i l s  t h e  u se  o f  o i l  o f  h ig h  v i s c o s i t y ,  
w o rk in g  a t  a  low v a lu e  o f  P /Z F f C o n s e q u e n t ly ,  w i th  a  l a r g e  
v a lu e  o f  minimum o i l  t h i c k n e s s  and h i g h ^ -  va lue*  
fJ low c o e f f i c i e n t  o f  f r i c t i o n  n e c e s s i t a t e s  th e  u se  o f  o i l  
p o s s e s s i n g  low v i s c o s i t y  and w ork ing  a t  a  h ig h  v a lu e  o f  
p/ZN , r e s u l t i n g  in  sm q ll  v a lu e  of minimum o i l  t h i c k n e s s .
To d e s ig n  a  good w ork ing  b e a r i n g  i n v e s t i g a t o r s  have 
s t a t e d  t h a t  i t  i s  n e c e s s a r y  t o  choose  a  j o u r n a l  d ia m e te r ,  
c l e a r a n c e ,  b e a r i n g ,  e t c . ,  t r a n s v e r s e  w id th  Af b e a r i n g ,  abd 
p o s i t i o n  o f  b e a r in g  w i th  r e s p e c t  t o  lo a d  l i n e ,  i n  a d d i t i o n  
t o  o th e r  d e t a i l s  such  as  method o f  su p p ly  of o i l ,  p r o v i s i o n  
o f  o i l  g ro o v e s ,  n a t u r e  o f  b e a r in g  s u r f a c e s ,  and g e n e r a l  
a r r a n g e m e n t /
B e a r in g  T e s t i n g  M achine u se d  by  Thomson Due t o  t h e
s i m i l a r  t o  t h a t  o f  a  h e a t e d  r e c t a n g u l a r  c a s t  i r o n  b a r .
W 2j)“  a  P a  l o a d ,  l b / i n  o f  b e a r i n g  s u r f a c e ,  and t h e r e f o r e
W ith  t h e  m ach ine  in  u s e ,  i t  i s  n o t  c e r t a i n
3 0
a r ra n g e m e n t  o f  "b e a r in g .  T h is  a p p e a r s  t o  l e a v e  ou t t h e  
m ain  p o i n t s ,  -  w hat i s  t h e  r e l a t i o n  b e tw e e n  t h e  s t a t i c  and 
m oving f r i c t i o n ?  . how lo n g  i s  i t  b e f o r e  s t a t i c  and m oving 
f r i c t i o n  become n o rm a l?  An e n g in e  ori s t a n d i n g  h a s  b o t h  
i t s  s t a t i c  and m oving f r i c t i o n  g row ing  r a p i d l y  d u r in g  th e  
f i r s t  30 s e c o n d s ,  t h i s  a p p ro a c h in g  i t s  u l t i m a t e  v a lu e  a f t e r  
1 m in u te .  At t h e  s t a r t i n g  up o f  e n g in e s  s i m i l a r  t o  M e  •
R oyrtA  l£cH t* tcA S ~  Co i l  .
N a t i o n a l  Gas E n g in e ,  w here t h e  moving p a r t s  a r e  e x c e s s i v e l y  
h e a v y ,  b e a r i n g s  h av e  b een  d e s t r o y e d  by  s t a t i c  f r i c t i o n  due 
t o  f a u l t y  l u b r i c a t i o n .  The same t h i n g  i s  l i a b l e  t o  o c c u r  
i n  s to p p i n g  t h i s  c l a s s  o f  e n g i n e .  F i lm  l u b r i c a t i o n  on 
w h ich  t h e  d e s ig n  o f  t h e  b e a r i n g  haB b e e n  b a s e d  h a s ,  u n d e r  
t h e s e  c i r c u m s t a n c e s ,  f a i l e d , a n d  s e i z u r e  o f  th e  b e a r i n g  h as  
e n s u e d .  The s t a t i c  t o r q u e  when th e  e n g in e  i s  l i g h t l y  
lo a d e d  may be  f o u r  t im e s  t h e  m oving , a  f i g u r e  d e te rm in e d  
from  a  40 E .H .P .  Gas E n g in e .  A c o m b in a t io n  o f  c l e a r a n c e  
and b ed d ed  b e a r i n g  was a p p l i e d  w i th  s u c c e s s  t o  g u a rd  a g a i n s t  
t h e  d a n g e r  zone w h ich  o c c u rs  be tw een  t h e  l i m i t s  o f  0 and 
80 r . p . m .
C o n s id e re d  from  th e  p o i n t  o f  f a i l i n g  l u b r i c a t i o n ,  th e  
b e a r i n g  m achine u se d  g iv e s  v a l u a b l e  i n f o r m a t io n  as  r e g a r d s  
t h e  l u b r i c a t i n g  v a l u e s  o f  m i n e r a l ,  v e g e t a b l e  o r  f a t t y  o i l s ,  
c o m p a r iso n  b e tw een  new and worn o i l ,  t e m p e r a tu r e  o f  o i l  
f i l m ,  e f f e c t  o f  ru b b in g  speed  and lo a d in g  p r e s s u r e ,  c l o s e n e s s  
o f  f i t  and n a t u r e  o f  b e a r i n g  s u r f a c e s .  The m achine can  
be  made t o  g iv e  s o l i d  f r i c t i o n ,  boun d ary  o r  g r e a s y  
l u b r i c a t i o n ,  an d ,  w i th  c a r e f u l  m a n i p u l a t i o n p j keacfincj f i l m  
l u b r i c a t i o n .
The v i s c o s i t y  t e s t s  a p p l i e d  t o  s e v e r a l  o f  t h e  o i l s  
u se d  i n  t h e s e  t e s t s  a r e  shown i n  P i g s .  11 ( a ) , (b) and ( c ) .
The b le n d e d  o i l s  u se d  w ere made from n o n - o x id i z a b le  m in e ra l  
o i l .  The a i r  i n  th e  room in  w hich  th e  t e s t s  were c a r r i e d  
out was f a i r l y  f r e e  from g r i t  and d u s t ,  and t h e r e f o r e  th e  
w e a r /
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w ear q u a l i t ie s  o f th e  o i ls  were o b ta in e d  under id e a l  
c o n d it io n s . I t  is  c e r t a in ly  a d e fe c t th a t  in  a d d it io n  to  
th e  change o f p re s s u re  w hich ta k e s  p la c e  betw een th e  i n l e t  
and th e  o u t le t  edges o f th e  b e a r in g  s u r fa c e , th e  te m p e ra tu re  
v a r ia t io n s  w hich  a re  sure to  ta k e  p la c e  have not been  
reco rd ed  as th ese  a l t e r  th e  v is c o s ity  and d e n s ity  o f th e  
o i l .  In  t h is  b e a r in g  th e re  is  no doubt about where th e  
maximum p re s su re  and te m p e ra tu re  o ccu rs , and t h is  is  shown 
by th e  wear zone on th e  b e a r in g  s u r fa c e . R e fe r r in g  to  
f ig u r e  4 ( b ) , w h ich  shows a d ia g ra m a tie  o i l  f lo w  f o r  th e  
b e a r in g , th e  arc  o f embrace can be v a r ie d  in  t h is  S e r ie s  
i  ( a ) , (b) and ( c ) . The arc is  6 5 ° , The b e a r in g  s u rfa c e  
is  no t con tinuou s as was shown in  F ig u re  4 ( a ) , b u t is  
made up th u s . -  1 .3 7 5 "  ( l % 6 " + 1 % 6 " + 1 % 6 " )  s 1 .3 7 5  x  
4 .0 6  s 5 .6  in 2 .
SI ft
A c tu a l lo a d in g  2 8 0 + 3 6  s 316 l b ,  g iv in g  *  56 l b / i n 2
280 +- 36 +  244 z  560 l b ,  g iv in g  * r  100 l b / i n 2
280 —  $68 i ~  102 - h  50 «  900 l b ,  g iv in g  ■  160 l b / i n 2
280 ■+ 4 6 8 +  102 +* 254 +* 56 z  1160 l b ,  g iv in g  *  228 l b / i n 2
The te m p e ra tu re  o f  th e  o i l  f i lm  was determ ined  by
f i t t i n g  an ir o n -c o n s ta n t in  e le c t r o  coup le  ju n c t io n  a t  th e
s id e  o f th e  b e a r in g  b lo c k . Two ■J-in . d ia m e te r h o le s  a re
d r i l l e d  in  th e  s id e  o f th e  b rass  and connected a t  th e
s u rfa c e  by means o f a sh a llo w  g ro o ve . Two in s u la t in g
p lu g s  i - i n .  d iam eter, and d r i l l e d  w ith  a v e ry  sm all s p i r a l
d r i l l ,w e r e  d r iv e n  in to  th e  bush an$ th e  therm o couple
b //
co n n ected , F ig u re  1 2 . A s e n s it iv e  m i l l iv o l t m e t e r  was 
connected to  th e  o th e r end o f th e  ju n c t io n , and th e  r e s u lts  
b a lan ced  w ith  a s tan d ard  c e l l .
The E f fe c t  o f Tem perature is  seen from th e  ta b le s  
g ive n  b u t f o r  convenience these  have been graphed in  F ig s . 13  
and 1 4 . I t  is  seen fo r  a l l  speeds th a t  th e  v a lu e  o f  
d ecreas es , due to  th e  decreased v is c o s ity  o f th e  o i l  w ith  
r is e  o f  te m p e ra tu re . T h is  is  le s s  n o tic e a b le  w ith  lo w e r  
speeds, and a t  about 50 r .p .m . th e  v a lu e  o f^ /c in c re a s e s  i f  
th e  te m p e ra tu re  is  ra is e d  above 1200F* These curves show 








c le a r ly  th e  danger o f ru n n in g  a N a t io n a l Gas E ng ine a t  
slow  spped ( s t a r t in g  up or s lo w in g  down) . The r o t a t in g  
masses o f t h is  c la s s  o f eng ine  a re  v e ry  heavy and f i lm  
lu b r ic a t io n  is  d i f f i c u l t  to  o b ta in  and m a in ta in . The 
b e a r in g  when s lo w in g  down a f t e r  ru n n in g  has th e  d isad van tag e  
o f b e in g  in  th e  re g io n  o f 1 0 0 °  or 1 2 0 °E . and s in c e  a t  
t h is  te m p e ra tu re  th e  v is c o s ity  has decreased u n t i l  th e  
o i l  f i lm  cannot support th e  lo a d . The curves show th a t  
a c e r ta in  in c re a s e  in  te m p e ra tu re  above n o rm al, when th e  
b e a r in g  is  ru n n in g  a t speeds above 150 r .p . m . ,  is  no t o n ly  
b e n e f ic ia l  b u t a d v is a b le  and eco n o m ica l.
A b e a r in g  w i l l  fu n c t io n  w ith  le s s  lo s s  a t 4 0 °E . 
above room te m p e ra tu re  due to  decrease in  th e ytc  -  v a lu e .
I t  is  h e re  th a t  th e  te s ts  as c a r r ie d  out would a s s is t  in  
th e  des ig n  o f in te rc o o le d  b e a r in g s . The e f f e c t  o f  
in c re a s in g  th e  c le a ra n c e  space from 0 .0 0 1  p e r in c h  d iam eter  
to  0 .0 0 4 D . The f r i c t i o n  is  n o tic e d  to  be le s s  w ith  a 
flo o d e d  b e a r in g , and la r g e  c le a ra n c e , b u t is  s u b je c t to  
•kn o c k1, most u n s u ita b le  f o r  e l e c t r i c a l  m ach in ery , y e t  
necessary  in  th e  cran k  p in s  o f a r e c ip r o c a t in g  e n g in e .
The a u th o r s tr ip p e d  a c ran k  p in  b e a r in g , bedded c a r e f u l ly  
th e  b e a r in g  s u r fa c e , c a r e f u l ly  c lean ed  out th e  .o i l  grooves  
and g u t te r s ,  g&ire* th e  usu a l c le a ra n c e  space, ra n  th e  
eng ine on l i g h t  lo a d , y e t  a f t e r  le a v in g  p o rt t h is  engine  
had to  be stopped and th e  c le a ra n c e  in c re a s e d  due to  m al­
a lig n m en t •
To des ig n  a b e a rin g  on a s e r ie s  o f te s ts  run on a 
sm all e x p e rim e n ta l b e a rin g  under p e r fe c t  c o n d it io n s  would  
be to  c o u rt d is a s te r ,  y e t  th e  d a ta  when used ju d ic io u s ly  
w i l l  prove v a lu a b le . E ilm  th ic k n e s s  under norm al lo ad  
and speed c o n d itio n s  must be s u f f ic ie n t  to  guard a g a in s t  
th e  p o s s ib i l i t y  o f c o n ta c t i f  v ib r a t io n  be set up due to  
e x te r n a l in f lu e n c e . D r .  Shannon has shown how lu b r ic a t io n  
i s /

is  used to  damp out v ib r a t io n s .  I t  w ould appear th a t  th e  
d e s ig n e r o f  b e a rin g s  must make p ro v is io n  f o r  th e  use o f  
lu b r ic a t in g  o i l  as a b u f f e r .  S h a ft v ib r a t io n s  can be tra c e d  
as th e  cause o f th e  d e s tru c t io n  and s e iz u re  o f s u rfa c e  o f 
jo u r n a l and b e a r in g  m a te r ia ls .
R a d ia t io n  o f H e a t . U sing th e  curve f o r  average b e a rin g s  
as d e r iv e d  by Lasche th e  fo rm u la  f o r  w h ich  is  a p p ro x im a te ly  -  
f t . l b .  r a d ia te d  p e r  s q . in .  p ro je c te d  a re a , p e r  d e g .P . tem p, 
d i f f .  p e r  m in .
z  0 .0 1  ( t ° o i l  -  t ° a i r )  +  1 .9
-  0 .0 1  (190 -  70 ) + 1 . 9  -  5 .1
The r a d ia t in g  c a p a c ity  o f th e  b e a r in g  b lo c k  and b e a r in g
m a te r ia l  t e s t  p iecesG  must be g r e a te r  th a n  or eq u a l to
________ 51V_ 61 x  1281 .
( t l  -  22) t * i  -  t a ) -  156 x  120 = 3 * 46
In  t h is  ca se , when th e  room te m p e ra tu re  is  1 0 °P . th e  o i l  
te m p e ra tu re , 1 9 0 ° P . ,  and th e  r .p .m .  1 6 0 0 , th e  maximum 
a llo w a b le  h ead in g  has been o b ta in e d . T h is  co n firm s  th e  
tendency  to  s e iz u re  in  th e  s e r ie s  i  ( c ) . The p o in t  b rou ght 
out h e re  is  one w hich is  o fte n  g iv e n  l i t t l e  c o n s id e ra t io n  in  
d e s ig n , nam ely th e  d is s ip a t io n  o f h ea t from  th e  b e a r in g  
b lo c k . T h is  may e i t h e r  be done by an au tom atic  in c re a s e  
in  th e  o i l  s u p p lie d  to  th e  b e a r in g , say by rh e o s ta t  c o n t r o l ,  
or by s u p p ly in g  w a te r  tp  a ja c k e t  surro u n d in g  th e  b e a r in g .  
Conducted h e a t th ro u g h  m ild  s te e l  u s u a lly  ta k en  as 0 .9  to  
1 .1  w a tts  p e r  s q . in .  f o r  1 °C . r i s e ,  and f o r  c a s t ir o n  1 w a tt  
p e r  s q . in .  p e r  1 °C .
The d e s ig n e r must make p ro v is io n  f o r  th e  m o m e n ta rily  
changes in  lo a d  and speed, fo llo w e d  by in c re a s e  in  tem p e ra tu re  
w hich b r in g s  w ith  i t  a change o f v is c o s ity  o f  th e  lu b r ic a n t .
In  f i l m  lu b r ic a t io n  th e re  is  ju s t  th e  p o s s ib i l i t y  th a t  
c o n ta c t between th e  b e a r in g  and jo u rn a l m a te r ia l  may ta k e  
p la c e  due to  v ib r a t io n s  b e in g  s e t up by e x te rn a l in f lu e n c e s .  
H a r d /
Hard fo r e ig n  m a te r ia l  may pass th ro u g h  th e  o i l  f i l t e r  and he
s w ir le d  round by th e  o i l  f i l m ,  thus  cau s in g  w ear w hich must
be c o n s id e re d . These fa c ts  must be c o n s id e red  when choosing  
P ZN
th e  v a lu e  gu or p"" suggested by in v e s t ig a to r s  who subm it
e x p e rim e n ta l d a ta  as a method o f d e s ig n . Almost a l l  
m ech an ica l e n g in e e rin g  c o n s is ts , when a p p lie d  to  a c tu a l  
d e s ig n in g , in  an approx im ate  a p p l ic a t io n  o f " e x a c t s c ie n c e " , 
th e  v a lu e  o f th e  ap p ro x im a tio n  b e in g  f ix e d  by th e  sound 
judgment o f th e  d e s ig n e r .
The fo rm u la , based on a f i lm  shear r e s is ta n c e  o f 
0 .4 5  l b .  p e r  s q . in .  f o r  1 H .T h .U . lo s t  in  jo u r n a l f r i c t i o n  
p e r  hour s 190-^  "d" v ( f t . p e r  s e c .)  .J. t °  -  3 2 , has g iv e n  way
/O m Pjg
t o  th e  fo rm u la  by  B o e v a l l ^  a ( | £ ) ' > or th a t  adopted by
Thomson 2 H(-p^) where H v a r ie s  w ith  lo a d in g .
The E f f e c t  o f Speed o f Rubbing S u rfa ce
P ig .  / £  in  a d d it io n  to  showing th e  tem p e ra tu re  e f f e c ts  
shows th a t  w ith  h ig h e r  ru n n in g  speeds (w hich a re  p ro p o r t io n a l  
to  speeds o f ru b b in g  s u r fa c e * )  th e re  is  le s s  tendency f o r  th e  
v isco u s  f i l m  to  b re a k  down. T h is  is  an im p o rta n t c o n c lu s io n  
and in d ic a te s  th a t  th e  v isco u s  f i l m  is  b e in g  c o n s ta n t ly  
r e p a ire d  and re p la c e d  a t  h ig h  speeds. The e f f e c t  o f speed 
on th e  v a lu e  o f /£*- a t  co n s ta n t te m p era tu res  i s  shown by  
c u rv e s , P i g s . / 3 -  / : f  , in d ic a t in g  c le a r ly  th a t  w ith  in c re a s in g  
speed th eee  c o n d it io n s  o f lu b r ic a t io n  a re  s u c c e s s iv e ly  passed .
i .  -  A t z e ro  speed a c o n d it io n  o f no lu b r ic a t io n  e x is t s ,  
and w ith  p e r f e c t ly  c leaned  b e a rin g  su rfa ce s  s o lid  f r i c t i o n  
e x is t s .  The absorbed o i l  f i lm  on th e  b e a rin g  s u rfa c e  g ive s  
some lu b r ic a t in g  e f f e c t ,  b u t s e iz u re  soon ta kes  p la c e .
The s te e l  jo u rn a l as w e l l  as th e  bronze bush b e in g  e f fe c te d ,  
and t h e i r  smooth s u rfa ce  is  e a s i ly  damaged.
i i .  -  At speeds up to  40 r .p .m . th e  va lu e  o f /^ -  decreased  
to  a minimum v a lu e  due to  th e  fo rc in g  o f more and more o i l  
betw een th e  su rfa ce s  u n t i l  p e r fe c t  v iscous  f i lm  lu b r ic a t io n  
was o b ta in e d . The minimum v a lu e  o f ĴLL in  each case would be 
re a c h e d /

If!
reached ju s t  when th e  wedging a c t io n  o f th e  o i l  is  
s u f f ic ie n t  to  s e p a ra te  th e  rub b in g  s u r fa c e s .
i i i .  -  A t speeds above 40 r .p .m .  th e  v a lu e  o f 
in c re a s e d  to  an in d e f in i t e  l i m i t in g  v a lu e  in  each c a s e .
The in c re a s in g  r v a l u e  w ith  in c re a s e  o f speed is  due 
e n t i r e ly  to  th e  f a s te r  r a te  o f shear o b ta in in g  w i t h in  th e  
v isc o u s  o i l  f i l m .
An in te r e s t in g  r e s u lt  is  o b ta in ed  by p lo t t in g  
a g a in s t speed, N, lo g a r i t h m ic a l ly , and as w i l l  be seen from  
a s t r a ig h t  l i n e  law  is  o b ta in e d  fo r  speeds above 
50 r .p .m . ,  i . e .  when v isco u s  f i lm  c o n d it io n  h o ld s .
R e la t io n  between and N as shown by graph is
K 9 , 6 -0 0 $ f o r  P a 56 l b / i n 2 ; K *o-ooS*  f o r  P s
100 l b / i n 2
K 2 0'OoS* ! o r  P « 160 l b / i n 2 ; K * o-oot*  f o r  P a
228 l b / i n 2
The e q u a tio n  is  based on th e  e x is te n c e  o f a c o n d it io n  
o f v isco u s  f i l m  lu b r ic a t io n ,  and i t s  l im i t s  a re  f ix e d  by th e  
c a p a c ity  o f th e  o i l  f i lm  (a ) to  rem ain continuous a t th e  
g iv e n  speed, (b) to  rem ain  continuous a t  th e  g iven  lo a d .
As soon as th e  o i l  f i lm  beg ins to  ru p tu re  and boundary  
lu b r ic a t io n  commences, th en  a t  th a t  p o in t  th e  e q u a tio n  ceases  
to  be v a l id .
T h is  s e m i- lu b r ic a t io n  p e r io d  has been d iv id e d  in to  two 
p o r t io n s  1 unctuous* and 1 s e m i- f lu id *  phaseH. The f i r s t
where V / /P  is  le s s  thafa 0 .0 7 5  l b . f t . s e c .  u n its ,  th e  
c o e f f i c i e n t /
lo g  /L*  c o n s ta n t -h  0 .5  lo g U  *  0 .5 ( lo g U  -  2C  )
/
b u t 2 0  r  . 2 logCjL
as th e  te m p e ra tu re  was k ep t c o n s ta n t, v is c o s i t y ,  Z ,
zis  c o n s ta n t, and w ith  co n s ta n t p re s su re  p  is  
c o n s ta n t.
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RELAT/ON J3£Tvr££/V Finn
Z - 6 / 3  +  0 -
c o e f f ic ie n t  o f f r i c t i o n  is  independent o f th e  p re s s u re , and 
d im in is h e s  s l ig h t ly  w ith  in c re a s e  o f te m p e ra tu re ;
v is c o s i ty  p la y s  no p a r t  in  t h is  d im in u t io n , w hich is  due to
\
m o le c u la r  in f lu e n c e s ;  th e  c o e f f ic ie n t  o f f r i c t i o n  d im in is h e s  
as th e  speed in c re a s e s , th e  curve o f v a r ia t io n  b e in g  o f 
s im i la r  form  to  th a t  o b ta in e d  w ith  d ry  s u r fa c e s . The 
l a t t e r ,  where V / / 5  exceeds 0 .0 7 5 ,  th e  c o e f f ic ie n t  o f f r i c t i o n  
in c re a s e s  r a p id ly ;  i t  is  b e t t e r  fo r  th e  d e s ig n e r to  aim  a t  
k eep in g  a b e a r in g  in  t h is  phase as th e  r is k  o f s e iz u re  is  
le s s ,  and w ear no t so r a p id ,  w h ile  th e  c o e f f ic ie n t  o f 
f r i c t i o n  is  independent o f v is c o s i t y .
THE LOAPIITG PRESSURE
The rem arks made in  co n n ec tio n  w ith  te m p e ra tu re  e f f e c ts  
and speed e f f e c t s  have in  some measure covered th e  in f lu e n c e  
o f th e  lo a d  p re s s u re  oh lu b r ic a t io n .  I t  is  seen th a t  w ith  
exc e s s iv e  p re s su re s  th e  o i l  f i lm  is  unab le  to  rem ain  
c o n tin u o u s . T h is  g ives  r is e  to  in c re a s e d  f r i c t i o n  as th e  
s u rfa c e s  a re  b rou ght in to  in t im a te  c o n ta c t , more n o tic e a b le  
a t  low  th a n  h ig h  speeds. The l i m i t  o f th e  p re s su re  w ith  
p e r fe c t  f i l m  lu b r ic a t io n ,  h ig h  speed and p e r fe c t  c o o lin g ,  
is  th e  com pressive s tre s s  o f th e  b e a r in g  s u r fa c e s .
T h is  in v e s t ig a t io n  does not d e a l w ith  t h is  extrem e  
c a s e , b u t o f  e.x£te 'Aeavs?y/oa.ded fe&r/jtp ss-f’otin*'
4%n th e  r o l l e r - t r a c k s  o f h i g h - l i f t  dock c ra n e s . S p e c ia l 
h ig h  p re s su re  o i l  pumps are  used, no t on ly  to  c i r c u la t e  o i l  
in  th e  b e a r in g s , bu t to  ensure th a t  th e re  is  a f i l m  o f o i l  
between th e  loaded  su rfa ces  b e fo re  s t a r t in g .  1500 to  
3000 lb / in ®  o i l  p re ssu re  a p p lie d  to  th e  zone o f g re a te s t  
p ressu re , so th a t  th e  b e a r in g  lo ad  is  l i f t e d  f re e  from  th e  
s h a f t ,  thus  e l im in a t in g  a l l  m e ta l l ic  c o n ta c t, may be used.
The power lo s t  in  s t a r t in g ,  when h ig h  p ressu re  lu b r ic a t io n  
is  used , is  about Vz th a t  o f th e  r in g  b e a r in g  lu b r ic a t io n .  
Under heavy lo a d , and r in g  lu b r ic a t io n ,  th e  tem p era tu re  rose  
82 to  8 4 °P . in  10 m in u tes , w h ile  w ith  a h ig h  pressu re  
l u b r i c a t o r /
U'H' »
lu b r ic a t o r  i t  m igh t o n ly  be 50 to  5 4 °P . in  10 m in u te s .
T h is  p o in t  is  most noticeable in  jo u r n a l b e a rin g s  and 
is  r e f le c t e d  in  th e  g e n e ra l use o f heavy o i ls  and greases  o f  
e x tre m e ly  h ig h  v is c o s ity  on b e a rin g s  o f t h is  n a tu r e . Th ere  
is  a g re a t  lo ss  o f power in  s t a r t in g  up shop s h a ft in g  due to  
th e  d e s ire  iro sav6 : th e  s h a ft  and i t s  b e a r in g  from  s e iz u r e .  
Also, by th e  use o f  heavy greases and ta l lo w s ,  r a i lw a y  wagons, 
re v e rs in g  g e a rs , ahd a l l  typ es  o f m ach inery  in  in t e r m it t e n t  
a c t io n ,  a re  safeg uard ed  from ex ce s s iv e  b e a r in g  f r i c t i o n  and 
w ear a t  th e  in s ta n t  o f s ta r t in g  up . T h is  is  c e r t a in ly  an  
im p o rta n t fa c to r  w h ich  must be reco g n ized  and covered f o r  
m  a l l  d e s ig n , -  The b e a r in g  m u s t n o t o n ly  run  b u t s t a r t  
s a fe ly  under lo a d .
In  th e  m achine under t e s t  th e  s t a t ic  f r i c t i o n ,  even a t  
l i g h t  lo a d s , is  a t  le a s t  fo u r  tim es  th e  moving f r i c t i o n ,  and 
on s to p p in g  th e  s h a f t ! s r o t a t io n ,  th e  s t a t ic  and th e  moving  
f r i c t i o n  grow r a p id ly .  The v a lu e  o f th e  c ra n k in g  to rq u e ,  
from  0 to  100 r .p . m . ,  must be o f th e  form  T a A +  B Jw**
EPPECT OP WIDTH OP 0 IL -R IU G  AHD DEPTH OP IMMKRSI01I
V e ry  l i t t l e  has been done on th e  f r i c t i o n  in  a c tu a l  
o i l  r in g  b e a r in g s , w h ile  e x p e rim e n ta l and th e o r e t ic a l  
d e te rm in a tio n  o f f r i c t i o n  in  tu b u la r  b e a rin g s  a re  a v a i la b le .
The power necessary  to  d r iv e  th e  o i l  r in g s  is  q u ite  s m a ll.
E xperim ents  on a 2 7 - in .  d iam e te r r in g ,  f - i n .  w id e , shows 
th a t  th e  speed is  a lm ost p ro p o r t io n a l to  th e  speed o f th e  
jo u rn a l and reaches 0 .1 5  H .P . a t 1000 r .p .m .
Por a -J - in . w id th , Q, = .000$  H ^: i2 2 .
Por a ^ » in .  w id th , Q, © .0004  N -  .0 9 .
Q, s g a llo n s  p e r  m in .
ET © r .p .m . o f s h a f t .
I t  is  found th a t  th e  la r g e s t  q u a n tity  f o r  any w id th  is  
belied, when th e  r in g  is  immersed in  th e  o i l  w ith  th e  in s id e  o f th e  
r in g  ju s t  co vered . L ig h t r in g s  made o f alum inium  and even  
alum in ium -bron ze  a re  n o tic e d  to  s l i p ,  d ecreas in g  t h e i r  
e f f i c ie n c y /
A
e f f ic ie n c y ,  y e t  a heavy le a d  r in g  does not show any 
advantage over a h ard  r o l le d  b rass  r in g .  The l i g h t  r in g s  
a t  th e  h ig h  speeds become q u ite  in e f f e c t iv e ,  b u t a t th e  
speeds used th e  f i lm  does not appear to  have form ed betw een  
th e  r in g  and th e  jo u r n a l .  O nly th a t  o i l  c a r r ie d  in s id e  th e  
r in g  is  supposed to  be used. More th an  t h is  q u a n t ity  can  
be depended upon to  re ach  th e  s h a f t .  The o i l  d e l iv e r y  is  
im rpoved by a llo w in g  th e  r in g  to  r id e  over th e  o u te r  s u rfa c e  
o f th e  b e a r in g  in  a d d it io n  to  i t s  c o n ta c t w ith  th e  s h a f t .
S ide s c ra p e rs  a re  f a i r l y  e f f e c t i v e ,  a lth o u g h  each ty p e  o f  
s c ra p e r w i l l  cause s l ip  o f r in g .
The s iz e  o f th e  s id e  r e l i e f s ,  atad th e  d es ig n  o f th e
to p  b e a r in g , re q u ire  c a r e fu l  c o n s id e ra t io n . The average
r a t i o  o f  th e  d ia m e te r  o f r in g  to  s h a ft  is  1 to  0 . 6 .  In  
t h is  in v e s t ig a t io n  th e  s h a ft  is  2 ^ - i n .  d ia m e te r and 5 - in .  
lo n g , u s in g  a d ia m e t r ia l  c le a ra n c e  o f 0 .0 0 2  p e r  in ch  d ia m e te r .  
Then th e  r a d ia l  c le a ra n c e  is  0 .0 0 2 5 , and assume th a t  th e  
v e lo c i t y  d i s t r ib u t io n ,  where th e  minimum f i lm  th ic k n e s s  is
0 .0 0 1  i n .  is  l i n e a r ,  th en  th e  q u a n t ity  o f  o i l  re q u ire d  a t  t h is  
p o in t  w i l l  be th e  prod uct o f th e  s e m i-p e r ip h e ra l v e lo c i t y  o f  
th e  s h a f t ,  th e  f i lm  th ic k n e s s  and th e  tra n s v e rs e  w id th  o f  
th e  b e a r in g  r e s u lt in g  in  a q u a n t ity  o f 3 cub ic  c e n tim e tre s  
p e r  s e c . Each r in g  a c tu a l ly  d e l iv e r s  -
Q, a .0004 x  900 -  0 .0 9  « 0 .2  g a llo n s  p e r  m in .
« 3 .1  cub.cm s.
That i s ,  th e  two r in g s  supp ly  double th e  q u a n t ity  
r e q u ire d , w hich is  s a t is fa c to r y ,  ta k in g  in tp  account th e  fa c t  
th a t  th e  a c tu a l q u a n tity  o f o i l  re q u ire d  w i l l  be g re a te r  th an  
t h is  amount on account o f end leakag e  in  th e  b e a r in g  up to  
th e  p o in t  o f minimum f i lm  th ic k n e s s . A l t e r a t io n  o f th e  r in g  
th ic k n e s s  and corresponding  w e ig h t w i l l  in f lu e n c e  th e  o i l  
d e l iv e r e d .
In  t h is  te s t  b e a r in g  th e  r in g s  wire  made f - i n .  w ide b u t
t h e /
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th e  th ic k n e s s  was reduced to  keep th e  w e ig h t th e  same as a 
r in g  o f x  cross s e c t io n . The f r i c t i o n  o f th e  b e a r in g  
is  not independent o f th e  form  o f th e  end s e a ls  used to  
p re v e n t le a k a g e .
EFFECT OF F IN IS H  OF BEARING SURFACES.
A lth o u g h  a number o f o i l  t e s t in g  m ach ines, w hich w i l l  
g iv e  q u ic k ly  th e  lu b r ic a t in g  q u a l i t ie s  o f  o i l ,  have been p u t 
on th e  m a rk e t, m easuring th e  f in is h  o f m e ta l b e a r in g  
s u rfa c e s  is  r a th e r  a d i f f e r e n t  p ro c e s s . Q u a n t ita t iv e  
e v a lu a t io n  o f f in is h  has s t i l l  to  be deve lo p ed . Com parison  
t e s t s ,  such as have a lre a d y  been d e s c rib e d  when us in g  th e  
D e e le y  m ach ine , have been c a r r ie d  out on th e  b e a r in g  
m ach in e .
i .  -  The phosphor bronze bushvis  tu rn e d  to  f i t  R e a r in g  
b lo c k  and th en  bored and machine scraped to  le a v e  0 .0 0 2  
to le ra n c e  f o r  ru n n in g  f i t ;  th e  jo u r n a l was o i l  la p p e d .'
i i . -  B e a rin g  bush was s tr ip p e d  and diamond scraped in  
m achine to  le a v e  0 .0 0 1 5  to le r a n c e .
i i i .  -  B e a rin g  bush was s tr ip p e d , a fte rw a rd s  an expanding  
m a n d ril was used, and th en  a b a l l  or sphere f in is h in g  to o l  
was used. T h is  l a t t e r  to o l a p p re c ia b ly  hardened th e  
s u rfa c e  o f  th e  b e a r in g  m a te r ia l  as shown by h ig h e r  B r i n e l l .  
T o le ra n c e  0 .0 0 1 .
B o te . -  T o o l r id g e s  could  w ith o u t d i f f i c u l t y  be seen 
on H o . i . . ,  b u t w ith  U o . i i i *  f in is h  i t  was q u ite  d i f f i c u l t  to  
d is c e rn  h ig h  and low  p o rt io n s  'due to  s p ir a l  fe e d .
The ta b le  shows th e  e f f e c t  on s ta r t in g  and run n in g  o f  
th e  m ach ine.
C o e f f ic ie n t  o f 
F r ic t io n Tem perature °F .
C lass  o f  F in is h  “ S ta r t in g Running Maximum Rep®; Remarks
i
i i
Turned & scraped  
S p e c ia l scraped
0 .2 7 7
0 .2 3 5
' AV 6
0 .0 1 8







Time o f  
T est -  
5 hours  
(each)
200 r .p .m .  
160 l b / i n *
i i i R o lle d 0 .1 7 5 0 .0 0 9 145
T h is /
* 7 *
T h is  t e s t  does not g iv e  a t r u e  com parison o f
f in is h  as th e  o i l  f i lm  th ic k n e s s  v a r ie s  w ith  th e  c le a ra n c e ,  
h u t th e  c le a ra n c e , or to le ra n c e  a llo w a n c e , has heen kep t 
to  th e  u s u a l ru n n in g  f i t  a llo w a n c e . The o i l  used is  th e  
same as th a t  used in  lo ng  ru n n in g  t e s t s .
W ith  f i n i s h  ( i )  th e  jo u r n a l was s l ig h t ly  damaged, and t h is  
a f t e r  a l l  c a re  "being ta k en  to  ensure greasy  lu b r ic a t io n  a t  
s t a r t .  I t  would appear th a t  th e  wear o f th e  r id g e s  caused  
th e  a ccu m u la tio n  o f g r i t  w hich worked a lon g  th e  b e a r in g  
s u rfa c e  cau s in g  lo n g i tu d in a l  s c o rin g  o f jo u r n a l ,  and 
p i t t i n g  in  bronze bush .




V is c o s ity
ZL
P ressu re
l b / i n 2
r .p .m .
N
C o e ff .  P 
f r i c t io n  ^TST
V
73T
,) 86 2 .6 120 135 0 .0 1 7 0 .6 2 0 .1 2 8
180 300 0 .0 2 8 0 .2 3 0 .1 3 6
240 915 0 .0 3 2 0 .0 9 0 .7 0
320 1540 0 .0 3 3 0 .0 8 0 .9 7
) 140 0 .5 120 135 0 .0 1 4 1 .8
180 300 0 .0 1 5 1 .2
240 975 0 .0 1 4 0 .4 9
320 1540 0 .0 1 6 - 0 .4 2
) 195 0 .1 120 135 0 .0 1 2 8 .9
180 300 0 .0 1 4 6 .0
240 975 0 .0 1 6 2 .5
320 1540 0 .0 2 1 2 .1
.) 245 0 .0 8 120 135 0 .0 1 7 1 1 .0
180 300 0 .0 1 6 7 .5
240 975 0 .0 1 5 3 .1
320 1540 0 .0 1 6 2 .6
(a ) -  W ith  an o i l  tem p era tu re  o f 8 6 ° F . ,  a ru b b in g  
speed o f 1 0 *6  f t . p e r  s e c . ,  and pressures  v a ry in g  from  120 
to  355 l b / i n 2 , th e  ^ d -v a lu e s , 0 *02 2  to  0 .0 2 8 , in c re a s e  
r a p id ly  w ith  in c re a s e  o f speed, and decrease s lo w ly  as 
spedd d e creases .
(b) -  I  ® 140 F , V ■ 1 0 *6  f t . / s e c . ,  w ith  pressu res  
120 to  180 i b / i n 2 ,  t h e y x -v a lu e  is  0 .0 1 8  to  0 .0 2 ,  much the  
sam e/
<4 $
same as (a ) ;  a t  p ressu res  240 to  300 th e  decrease  
is  much s lo w er th a n  (a ) w ith  decrease o f speed; h u t a t  
p re s s u re  300 in c re a s e  i n ^ C  ta k e s  p la c e  w ith  e i t h e r  
in c re a s e  or decrease o f speed.
(c ) -  W ith  T •  1 9 5 , V ■ 1 0 .6  f t . / s e c . ,  and p re s s u re  
120 to  180 l h . ,  v a r ie s  from  0 ,0 1 8  to  0 .0 2  (m ax.) and
^ / c r i t i c a l  speed appears a t  3 .3 6  f t  . /s e c ;  a t  p re s s u re  240  
to  300 t h e ^ .— v a lu e  has r is e n  to  0 .2 3  to  0 .2 6 ,  and a t  
1 7 .2  f t . / s e c ^ #  f a l l s  s l ig h t ly  w ith  in c re a s e  o f speed, 
b u t r is e s  r a p id ly  w ith  decrease o f speed. Wear ta k es  
p la c e  q u ite  r a p id ly  under th is  l a t t e r  c o n d it io n , and th e  
swing o f b e a r in g  is  a p p re c ia b le .
(d ) -  A t T a 2 4 5 ° ! ’ . ,  V a 1 7 .2  f t  . /s e c .^yU. m .01 8  is  
a c r i t i c a l  p o s i t i o n ^ # '  in c re a s in g  w ith  e i t h e r  a decrease  
or in c re a s e  o f speed; between 200 and 3357y #  « 0 .0 2 3  to  
0 .0 3  and in c re a s e d  r a p id ly  w ith  decrease o f speed; 
s e iz u re  would ta k e  p la c e  on s to p p in g .
The c o n d itio n s  in  (c ) and (d) w ith  th e  b e a rin g  
p re s s u re  above 100 l b / in ^  would be u n s u ita b le  un less  th e  
o i l  co u ld  be s u p p lie d  a t p re s su re  enough to  g iv e  f i l m  
lu b r ic a t io n ,  as g reasy  or s e m i- lu b r ic a t io n  f a i l s  to  
p re v e n t s e iz u re  when run n in g  up to  speed or on s to p p in g  
w ith o u t f i r s t  e f f e c t i v e ly  c o o lin g  th e  b e a r in g  and jo u r n a l .
I t  is  under th e se  c o n d itio n s  th a t  w a te r  ja c k e t in g  o f th e  
plummer b lo c k  would re q u ire  c a r e fu l  consLAer<a.H'on. .
O IL AS A C0EDUC1QB OP HEAT AED COOLANT
V is c o s ity  Spec. Spec. Thermal
Gravity H e a t. C o n d u c tiv ity
M in e ra l O i l  100 130 210°® d 10# 210°% 100© 21Q°E
L ig h t  o i l  111 69 40.5- # .9 1 2 9  0 .4 5  # .5 1 4  0 .8 7 2  0 .8 4 4
Heavy o i l  209 104 4 5 .5  0 .9 1 5 2  # .4 4 9  0 .5 1 6  0 .8 6 9  0 .8 4 0
S p .h t .  « ( t  670) (2 .1 0  -  d ) /2 0 3 0
Therm al C o n d u c tiv ity  k » 0 .8 1 3 /d  j_ l - £ .0 0 0 3 ( t  -  32)J
d •  s p .g r .  o f o i l  a t  60 P , t  •  tem p. Sa °P .
and k  is  in  u n its  o f B .T h .U . p e r h r .  p e r s q . f t .  p e r  in .
p e r0 P .
T h e /
The q u a n t ity  o f o i l  q in  lb /m in  w ith  ru b h in g  speeds 
from  5 to  50 f t  . / s e c .  and a t  co n s ta n t p re s s u re  100 l b / i rfi 
fo llo w s  a p p ro x im a te ly  th e  law  q a 0 .0 4 V  +  2 .1 6  lb /m in .  
T h is  q u a n t ity  can be s u p p lie d  by th e  r o t a t io n  o f th e  o i l  
r in g s , b u t th e  q u a n t ity  f a l l s  o f f  r a p id ly  w ith  re d u c tio n  in  
speed below  5 f t  . / s e c .  & a •ooo8 Vx £  x.L (Zp  ~) /or ’testsffeareMf m
The h e a t c o n d u c t iv ity  th ro u g h  th e  c a s t ir o n  is  in  th e  
re g io n  o f k  2 2 1 .6  B .T h .U . p e r  s q . f t .  p e r  ° P . p e r  h o u r .
The coolant^n>/>ey/yof th e  o i l  was much in c re a s e d  by  
th e  use o f powdered g r a p h ite .  Por com parison, t e s ts  in  
th e  s e m i- lu b r ic a t io n  phase were c a r r ie d  out w ith  s u lp h u r iz e d  
m in e ra l o i l ,  and c o l lo id a l  g ra p h ite  compound, a ls o  one t e s t  
w ith  p in e  o i l  c o n ta in in g  a h ig h  s u lp h u r c o n te n t.
The m ain fu n c t io n  o f s u lp h u r , w hich has been used fo r  
re d u c in g  th e  te m p era tu res  in  m ain b e a rin g s  w h ile  run n in g  in ,  
is  to  a c t as a c o o la n t . S u lphur combines in  th re e  s ta te s ,  
u n s ta b le , f ix e d ,  and s e m i-f ix e d ;  th e  la s t  becomes u n s ta b le  
a f t e r  a p e r io d  o f  t im e , or under h e a t o r p re s s u re .
I t  was n o tic e d  th a t  w ith  a 5 to  15 p e r  c e n t , m ix tu re  
o f f lo w e rs  o f  s u lp h u r th e  tendency to  s e iz u re  was much 
reduced , and th e  to rq u e  re q u ire d  was reduced 60 p e r  c e n t .
The e f f e c t  on th e  jo u rn a l f in is h  was n o ted , and when s u rfa c e  
was examined under th e  m icroscope i t  was found to  have a 
b e t t e r  f in is h  th an  when t e s t  began. The f i lm  s tre n g th  and 
adhesiveness o f  th e  lu b r ic a t in g  medium p e rm its  o f a t le a s t  
20 p e r  c e n t ,  h ig h e r  lo ad s  b e in g  used w ith  no s ig n  o f s e iz u re  
a t  low  speeds.
TESTS OH DIFFERENT MATERIALS
C o n d itio n s  o f th ese  te s ts  are  in  th e  s e m i- lu b r ic a t io n  
p h ase , and a re  run fo r  about 10 m inutes w ith  f a i l i n g  
lu b r ic a t io n ,  th e  o i l  r in g s  hav in g  been removed. The 
e f f e c t iv e  s c o rin g  o f th e  b e a rin g  s u rfa c e  g ives  an in d ic a t io n  
o f th e  nearness to  w hich th e  c r i t i c a l  c o n d it io n  has been  
approached.
L u b r ic a n t  
M achine o i l
M a t e r ia l Speed 
f t / m i n . P re ss u re  l b /  in 2 A P re s s u rel b / i n 2 z 6-
190 °;f . Gun M e ta l  
Lead Bronze 3 .5
100
200
0 .0 1 6
0 .0 1 5
175
260
0 .0 1 8
0 .0 1 7
W h ite  M e ta l 300 0 .0 1 3 0 320 0 .0 1 3 5
T h is  t a b le  shows th e  average v a lu e  f o r f r o m  a la r g e  
number o f t e s t s ,  and th e s e  a re  th e  approx im ate  c r i t i c a l  
lo a d in g  p o in ts ,  a ls o  e i t h e r  an in c re a s e  or a decrease  o f  
speed may cause s e iz u r e .  O s c i l la t io n  o f th e  b e a r in g  
m achine on i t s  jo u rn a l to o k  p la c e  n e a r th e  c r i t i c a l  p o s it io n s *  
S e iz u re  o f th e  Lead Bronze is  q u ite  p p s i t iv e  and tends  
to  d e s tro y  th e  s h a f t .  I t  is  found d i f f i c u l t  to  g e t a 
c o r re c t  copper - t i n  -  le a d  m ix tu re  w ith  a hardness s u ita b ly  
a d ju s te d 'to  th e  m atin g  jo u r n a l .
Because o f a h ig h  c o e f f ic ie n t  o f expansion these  
m a te r ia ls  re q u ire d  to  be p u t on a t i n  s te e l  b ack , th e  
c le a ra n c e  space to  a llo w  o f p e r fe c t  ru n n in g  re q u ire s  to  be 
a p p re c ia b ly  g re a te r  th a n  w ith  gun m e ta l .
New S te e l S h a ft and W hite  M e ta l Bush 
As th e  s h a ft  o f  th e  b e a r in g  m achine was b en t and due 
to  perm anent s e t was ru n n in g  out o f t r u t h ,  a new le n g th  o f  
s h a ft  was tu rn e d . Sample a n a ly s is  o f c u tt in g s  showed
C -  0 .3 5 ,  Mn a 0 .8 ,  S i *  0 .2 ,  S *  0 .0 3 7 , P a 0 .0 3 9 .
T h is  is  much th e  same as th a t  used f o r  ra i lw a y  a x le s ;  
th e  B r in e l l  Np. is  1 8 7 . Two w h ite  m eta ls  were used on s te e l  
backs w ith  s im i la r  b e a r in g  areas to  th a t  o f gun m e ta l bush  
and w ith  t o t a l  a rea  a 5 .6  s q . in s .  The f i r s t  l i n in g  ( a ) ,
was h ig h  in  le a d  v a lu e , Pb 75 , Sb 2 1 , Su 5 , and th e  second ( b ) ,
was h ig h  in  t i n ,  Su 8 0 , Sb 1 5 , Cu 5 .
B r in e l l  A p p r o x . -.Tem peratures M a te r ia l  and H .
T h e /
10 mm t a l l  8 6 , 1 4 0 ,*1 9 5 , 2 4 5 . W  ^5* H
500 k g .  ( 1 5 )  3 1 , 2 2 , 1 7 , 14
The t in -b a s e  a l lo y  (b) is  much s tro n g e r  th an  (a ) , and 
is  p r e fe r r e d  to  th e  le a d -b a s e  a l lo y  s in c e  i t s  s u rfa c e  is  no t
so e a s i ly  damaged by any ’ knock* in  th e  b e a r in g .
The b e a r in g  is  machined as f o l lo w s : -  (1 ) L a th e  f in is h ;
(2 ) G rin d in g ; (3 ) La the  s p rin g  to o l  s c ra p e r fo llo w e d  by  
r o l l e r ,  and d u rin g  th e  te s ts  p e r fe c t  lu b r ic a t io n  m a in ta in e d ,  
care  b e in g  ta k en  a t  th e  s ta r t in g  up p e rio d s  when r in g  
lu b r ic a t io n  was not e f f e c t i v e .  The speed is  kep t c o n s ta n t  
a t a p p ro x im a te ly  570 r e v s , p e r  m inu te  and th e  lo ad  a p p lie d
g iv e s  a p ressu re  on b e a r in g  s u rfa c e  o f 70 l b . / i n 2 ; d u ra t io n
o f t e s t  in  each c a s e , 4 h o u rs .
F ig u re  1 6 . shows th e  r e s u lts  o f these te s ts  p lo t te d  on 
a base o f tim e  a g a in s t in c re a s e  on te m p e ra tu re . Readings  
were ta k e n  e v ery  h a l f - h o u r ,  b u t d u rin g  th e  f i r s t  p e r io d  
5 -m in u te  re ad in g s  were ta k e n . From th e  p lo t te d  curves th e  
fo l lo w in g  ta b le  o f r e s u lts  a re  o b ta in ed  and these  a re  a g a in  
p lo t te d  in  F ig u re  1 7 , w ith  te m p e ra tu re  a n d ^ -v a lu e s  as base  
and a b s c is s a .
T in -b a s e  w h ite  m e ta l ( c u r v e ---------
Degree o f F in is h
C o e f f .  o f 
S ta r t in g







C lea ran ce
In c re a s e
(1 ) Lathe  f in is h 0 .1 8 0 .0 0 3 2 210 142 0 .0 0 2 "
(2 ) G rin d in g 0 .1 5 0 .0 0 1 8 156 87 0 .0 0 1 5 "
(3 ) M a n d r il or r o l l e r 0 .0 9 0 .0 0 1 5 142 73 0 .0 0 0 2 "
I t  w i l l  be seen th a t  th e  le a d -b a s e  a l lo y  had lo w e r  / ’y/c/zoH . 
value, and  a. smaller tem p era tu re  'w i th ,  th e  th re e  c lasses  o f f i n i s h .
The s o ftn e s s  o f t h is  a l lo y  may be got over by th e  a d d it io n  o f 
c a lc iu m , sodium or b a riu m , bu t th e  a d d it io n  o f th ese  may a ls o  
cause d is in te g r a t io n  when coming in  co n tac t w ith  oxygen w hich  
is  a lw ays p re s e n t in  lu b r ic a t in g  o i l s .  Any a ttem pt to  harden  
th e  b e a r in g  m e ta l by th e  use o f t i n  is  to  be avo id ed . Sm all 
t e s t  p ie c e s  used on th e  F r ic t io n  Machine show up lo c a l h ig h  
spots a f t e r  run n in g  fo r  a s h o rt p e r io d . The le a d -b a se  a l lo y  
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b e a r in g  showWa c o n s id e ra b le  amount o f weary b u t was not 
in ju r io u s  to  th e  jo u r n a l;  th e  le a d  m ixed w ith  th e  o i l  and 
formed a f in e  la p p in g  m a te r ia l  w h ich  p ro v id ed  a h ig h  p o l is h  
to  th e  s te e l  s u r fa c e .
Im portance o f S u rface  q u a l i t y
The ru n n in g  f i t  to le ra n c e  must b e a r some r e la t io n  to  th e  
q u a l i t y  o f th e  s u r fa c e . Where th e  methods o f m ach in ing  
produce rough s u rfa c e s , i t  is  o f ^ i t t l e  use to  s p e c ify  s m a ll 
to le r a n c e s . The h ig h e r  p a r ts  o f th e  s u rfa c e  l i e  w i th in  
th e  to le r a n c e , and th e  rem a in in g  p a r t  o f th e  s u rfa c e  is  
o u ts id e  th e  l i m i t s .  Lathe  f in is h ,  even w ith  s p rin g  s c ra p e r ,  
and. g r in d in g , le a v e  s u rfa ce s  w hich  have a s h o rt l i f e  b e f o r e ^  
fazrtruf becomes u n s e rv ic e a b le  th ro u g h  w ear.
Wear in  i t s e l f  is  a f a i r l y  sim ple c o n d it io n  to  d e te rm in e  
b u t has s e v e ra l d i r e c t io n s .  Wear in  a com bin ation  o f 
d ir e c t io n s  may cause an unexpected smash. Where s h a f t in g  
is  concerned th e  c h ie f  danger l i e s  a t  th e  b e a r in g , s in ce  th e  
b e a r in g  m e ta l soon becomes reduced in  dim ensions beyond th e  
e f f i c i e n t  p e rfo rm an ce . At th e  b e a r in g  th e re  is  a co m b in atio n  
o f w ear s in c e  th e  b e a r in g  becomes b ig  w h ile  th e  s h a ft  jo u r n a l  
decreases in  d ia m e te r; th e  sum o f t h is  wear soon passes  
th e  p ro p er c le a ra n c e . _Owing to  la rg e  e c c e n t r ic i t y ,  or s h i f t ,  
e i t h e r  b e a r in g  elem ent becomes e c c e n tr ic ,  sc o red , and o ver­
h e a te d , s in c e  th e  axes o f th e  s h a ft  and b e a rin g  have not 
rem ained p a r a l l e l ;  d is a lig n m e n t o f th e  b e a rin g s  may cause 
undue s tre s s  by w ith d ra w a l o f th e  s u p p o rt. I t  was such a 
co m b in atio n  o f wear th a t  caused th e  d e f le c t io n  o f th e  b e a r in g  
machine s h a f t .  The b a l l  race  owing to  f a u l t y  lu b r ic a t io n  
had e x ce ss ive  wear and showed signs o f p i t t i n g .
A new l in in g  was c a s t in to  th e  b e a rin g  bushes,
Sdme. as > ,
a p p ro x im a te ly  o f th e  /a n a ly s is  ^ tested  in  th e  L e e le y  m a c h in e , / . * ,
pt>  1 ,5 ;  Sn, 78; Cu, 7 .5 ;  Sb, 1 3 . T h is  h ig h  t i n  a l lo y
b e a r in g  a f t e r  b e in g  c as t had i t s  su rfa ce  brushed w ith  a w ire
brush  to  reduce th e  h ig h  sp o ts . Fo work such as f i l i n g ,  v/as
d o n e /
$  4 .
done on th e  m a t e r ia l .  T h is  b ru s h in g  o f th e  m a te r ia l  reduced  
by 40 p e r  c e n t ,  th e  v a lu e  o b ta in e d  when ru n n in g  th e  jo u r n a l  
on th e  w h ite  m e ta l as c a s t round th e  s h a f t .  O nly s h o rt te s ts  
were made under th ese  c o n d it io n s  as th e  h e a t g en e ra ted  was 
e x c e s s iv e .
The b e a r in g  was now h and -scraped  and t h e y ^ - v a lu e  
o b ta in e d ; t h is  was q u ite  h ig h  b u t th e  h ea t g e n e ra ted  was not 
so g r e a t ,  th e  b e a r in g  ru n n in g  much GGOler. In  t h is  case th e  
p ro je c te d  a re a  o f th e  b e a r in g  s u rfa c e  is  more n e a r ly  th a t  o f  
a machined s u r fa c e .
M achined Su rfa c e ^  -  A f te r  s t r ip p in g  th e  b e a r in g  i t  was
( i )  bored in  th e  la th e  and s p r in g - to o l scrap ed , th en  t e s te d .
I t  was no t p o s s ib le  to  do much in  th e  way o f d e te rm in in g  th e  
b es t c le a ra n c e  to  s u it  th e  c la s s  o f f in is h ,  b u t th e  c le a ra n c e  
was g ra d u a lly  reduced by th e  rem oval o f t h in  paper a d ju s t in g  
s t r ip s  u n t i l  th e  u su a l ru n n in g  c o n d it io n s  were reach ed .
( i i )  A f t e r  s t r ip p in g  th e  b e a rin g  bush was bored and s c rap ed , 
th en  f in is h e d  o f f  w ith  an expanding r o l l e r  m a n d r il .
Ho a ttem p t was made to  ap p ly  hone f in is h  to  th e  w h ite  
m e ta l s u r fa c e , as th e  hardness number is  on ly  about one 
q u a r te r  o f th a t  o f th e  b ron ze  bush. The d a ta  g ive n  in  th e  
t a b le ,  showing th e  e f f e c t  o f  f in is h  on th e  re d u c tio n  o f  
f r i c t i o n  to rq u e , o r> ^ —v a lu e , is  a f t e r  a p e r io d  o f r u n n in g - in .
(a ) C lass o f P in is h
C o e f f . of 
S ta r t in g






1 Cast round s h a ft 0 .1 8 1 0 .0 0 3 3 180
2 W ire  Brushed 0 .1 5 3 0 .0 0 2 2 155 55 Time o f
3 Hand Scraped 0 .1 5 0 0 .0 0 2 2 155 to te s ts
4 Machine P in is h 0 .1 5 0 0 .0 0 1 8 145 65 (each) 5
5 Expanding M a n d ril h o u rs •
or S p lic e  P in itrh 0 .0 9 0 0 .0 0 1 5 135
f t ) T es t a t  300 r .p .m . on W hite.-M e ta l Bush
1
2
Rough C as tin g  71°P . 
W ire  B rushed. 0
H an d°5craped . 76 P .
Temp.
N
d i f f .
n
va lu e  0 .0 0 3  
w 0 .0 0 2
3 Machined and ° Expanded to  s iz e  ” o P . II ii " 0 .0 1 8
(e)/
<* / b nnnC
F i n i s / - /
Iv̂ a
& .
(c ) E f f e c t  o f re d u c tio n  in  "bearing a fe a , F in ish . (3 )
A rea o f  
S urface  
s q . in .
P ressu re  
lb / i r f i
Tem perature ° F .  
R is e  D if fe re n c e
C o e f f ic ie n t  o f 
F r ic t io n
5 .5 215 65 43 0 .0 0 3 9
5
4 .5 272 65 42 0 .0 0 3 2
4
3 .5 360 6 6 .5 4 £ *5 0 .0 0 2 8
3
2 .5 590 6 7 .5 43 0 .0 0 2 2
2
1 .8 600 6 8 .5 43 0 .0 0 2 0
■ ^  si,
In  F ig .  16, th e  e f f e c t  o f f in is h  is  shown "by th e  te m p e ra tu re
r is e  in  a g ive n  t im e , and th e  change in ^ # .-v a lu e  d u rin g  th e
t e s t  is  a ls o  p lo t te d  a g a in s t t im e . As a c o m p a ris o n ^ # . is
p lo t te d  on a base o f te m p e ra tu re , T , in  F ig ,  1 7 , / - s / .
The average v a lu es  fo r  a s h o rt t e s t ,  h o u rs , a re  shown on 
A
F ig .  1 8 , The speed in  t h is  te s t  was v a r ie d ,  t h a t  i s ,  
speeded up and reduced to  ze ro  by means o f th e  v a r ia b le  g e a r .
An a tte m p t was made to  note  th e  change in  te m p era tu re  due to  
change v a r ia t io n s  in ss p eed . In  a l l  th ese  curves th e  
advantage o f th e  r o l l e r  f in is h e d  m a te r ia l  is  c le a r ly  
d em o n stra ted .
The a u th o r  has had th e  o p p o rtu n ity  o f e x p e rim e n tin g  
w ith  r o l l e r  b a rs , h av in g  r o l le r s  i  i n .  in  d ia .  and £  in .  lo n g  
wet p a r a l l e l  to  th e  b a r  and o th ers  w ith  th e  a x is  o f th e  
r o l l e r s  a t  an angle to  th e  b a r . .  I t  was found p o s s ib le  to  do 
w ith  a much rougher c u t s u rface  from  th e  la th e  to o l  when 
fo llo w e d  by th e  expanding r o l l e r  m a n d ril w ith  th e  in c l in e d  
r o l l e r s ,  w h ich  tu rn ed  more f r e e ly .o n  t h e i r  own a x is .
On re p e a tin g  th e  t e s ts ,  shown in  F ig .  1 8 , i t  is  found  
th a t  even th e  ru n n in g -in  e f fe c t  o f th e  e a r l i e r  te s ts  have not 
im proved th e  su rfaces  enough to  make them a l l  be c lassed  as 
s u rfa ce s  o f equal degrees o f smoothness. The expanded 
m a te r ia l  o f th e  r o l l e r  f in is h e d  b e a rin g  remains s u p e r io r  to  
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A com parison o f th e  s u rfa ce  f in is h  was made by ta lc in g
m icro -pho tographsand  th e se  are  shown w ith  m a g n if ic a t io n  100
A
tim e s . P ig .  20 (a ) and (b j /  (a ) its a la th e  to o l  f in is h  and
(b) is  th e  same la th e  to o l  f in is h  fo llo w e d  hy an expanding  
r o l l e r  f i n i s h ,  (c ) is  a s p r in g - to o l scraped f in is h  and (d ) 
is  th e  same as (c ) fo llo w e d  by r o l l e r  f i n i s h .  (e ) is  
g r in d in g  machine f in is h ,  and ( f )  is  th e  same as (c ) fo llo w e d  
by r o l l e r  f in is h .  In  each case th e  r o l l e r  f in is h e d  
m a te r ia l  shows a d is t in c t  advantage in  fin e n e s s  o f s t r u c tu r e ,  
w hich would reduce th e  ru n n in g - in  t im e . The change in  
s tru c tu re  o f th e  w h ite  m e ta l due to  d i f f e r e n t  methods o f  
m ach in ing  is  seen in  c ro s s -s e c tio n  m ic ro -p h o to g ra p h s .
T h is  change is  a f fe c te d  by th e  amount l e f t  fo r  exp an d in g .
An exce s s iv e  expanding a llow ance was found to  cause a 
b r i t t le n e s s  in  th e  b e a r in g  m e ta l w h ich , under expansion due 
to  r is e  in  te m p e ra tu re , m ight cause f a i lu r e  o f th e  m a t e r ia l .
CONCLUSIONS.
The in v e s t ig a t io n  has c le a r ly  brought out th e  
b e n e f ic ia l  e f fe c ts  o f c e r ta i©  lu b r ic a n ts  on th e  s t a r t in g  up 
to rq u e s  and under runn ing  c o n d it io n s . Heavy o i ls  w h ile  
le s s e n in g  th e  r is k  o f s e iz u re  when s ta r t in g  up a m ach ine, 
or l i n e  o f s h a f t in g , causes a b ig  lo ss  o f power due to  th e  
in c re a s e  o f f r i c t i o n  work or v is c o s ity  e f f e c t .  The 
e x p e rim e n ta l r e s u lts  show how t h is  f r i c t i o n a l  work decreases  
as th e  tem p era tu re  o f th e  b e a r in g  o i l  in c re a s e s .
Many o f th e  te s ts  were c a r r ie d  out w h ile  c o n s id e rin g  
th e  th e o ry  o f lu b r ic a t io n ,  but th e  main in v e s t ig a t io n  was 
concerned w ith  th e  design o f th e  b e a rin g  b lo c k  and i t s  
c a p a b i l i t y  o f a s s is t in g  r a d ia t io n  and conduction  o f h e a t  
from  th e  b e a rin g  s u rfa c e . An a ttem pt b e in g  made to  show 
when w a te r  or fa n  c o o lin g  would be necessary .
Where s in g le  b e arin g s  are  lu b r ic a te d  by o i l  hav in g  
g ra p h ite  or su lp h u r in  suspension, th e  use o f these as 
lu b r ic a n t s /
G o
lu b r ic a n ts  and c o o la n ts  are  found to  im prove m in e ra l o i l .  
That c e r t a in  o i ls  w i l l  c a r r y  as much as 25 p e r  c e n t , o f  
f lo w e rs  o f  su lp h u r w ith o u t becoming d i f f i c u l t  to  fe e d  to  a 
b e a r in g  was te s te d  out on th e  b e a r in g  m achine; p in e  o i l  
was found to  c a r r y  s u lp h u r more e a s i ly  th a n  Bayonne o i l .
A com parison o f many lu b r ic a t in g  b len ded  o i ls  shows 
them to  possess s im i la r  fe a tu re s  and to  g iv e  v e ry  s im i la r  
r e s u lts  under t e s t .  Many o f th e  p o o re r c lasses  o f 
lu b r ic a t in g  o i ls  g iv £  q u ite  good r e s u lts  on th e  s h o rt  
p e r io d  t e s t s .
That machine f in is h  or smoothness o f s u rfa c e  w i l l  
reduce lo s s  due to  f r i c t i o n  and decrease chances o f  
s e iz u r e ,  or f a i lu r e  o f  lu b r ic a t io n ,  is  shown. A lso  th e  
w ear p e r  u n it  le n g th  o f tim e  runn ing  is  shown to  be 
decreased by r o l l e r  s u rfa c e  f in is h  which reduces th e  
c o e f f ic ie n t  o f f r i c t i o n  a t  s t a r t in g  and ru n n in g . The 
tim e  spent on m achine shop f in is h  by th e  a d d it io n a l  
o p e ra tio n  o f r o l l in g  a b e a r in g  to  s iz e ,  reduces tim e  
a llo c a te d  to  th e  usual ru n n in g - in  process on a te s t  b e d .
The process o f r o l l in g  decreases th e  n e c e s s ity  o f la r g e  
to le ra n c e  c le a ra n c e s , and reduces r id g e  wear to  a minimum.
The a u th o r has under c o n s id e ra tio n  th e  design  o f a 
combined m icrom eter and o p t ic a l  r id g e  t e s t in g  machine f o r  
t e s t in g  smoothness, b e fo re  removing a b e a r in g  from th e  
la th e  o r b o rin g  m ach ine. Such a machine cou ld  be used to  
t e s t  th e  e f f e c t  o f  d i f f e r e n t  lu b r ic a n ts  used d u rin g  th e  
r o l l i n g  p ro cess , and would have saved tim e  in  in v e s t ig a t io n  
o f d i f f e r e n t  smoothness o f f in is h .  T h is  in v e s t ig a t io n  
has shown th a t  s ta n d a rd iz a t io n  in  f in is h  is  much re q u ire d  
in  m ach in ing  o p e ra tio n s , but an e f fe c t iv e  te s t  o f smoothness 
o f  s u rfa c e  f in is h  is  necessary b e fo re  t h is  can be done. 
S u rface-m easu rin g  in strum ents  can now d e te e t i r r e g u la r i t i e s  
o f 0 .0 0000 1  inches and t h is  is  what can be expected on 
lapped  and m ir r o r  f in is h e d  m a te r ia l .  An out o f c e n tre
g a u g e /
(o I
gauge, f i t t e d  w ith  a diamond p o in te d  t r a c e r ,  h av in g  a 
m a g n if ic a t io n  m ir ro r  f o r  v e r t i c a l  movements (2500' m a g n if i­
c a t io n s )  and fo r  h o r iz o n ta l  movements (20  m a g n if ic a t io n s ) ,  
could  be used as a h ig h  and low l i m i t  gauge o f s u rfa c e  f i n i s h .  
The l i m i t s  could  be se t so as to  reduce th e  ru n n in g  in i tim e  
by h a l f ,  and the danger o f  s e iz u re  on s ta r t in g  up would a ls o
be reduced by s tan d ard  f in is h  o f  b e a r in g s , i . e .  a to le ra n c e  o f
/. ss,
f in is h  is  n ecessary . P ig . 21, shows th e  d iagram  o f  smoothness 
o b ta in e d  from  such an a p p a ra tu s . When a b e a r in g  is  run  in
th e re  is  a decided w ear, and th e  m eta l removed can cause
p i t t i n g  when th e  machine b e a rin g  is  s lo w in g  down b e fo re  
s to p p in g ; a s l ig h t  o i l in e s s  w i l l  promote g r in d in g  by h o ld in g  
th e  p a r t i d e  Si.
Suggested f in is h e s  f o r  m a te r ia ls  used in  te s ts  a re  . -
S te e l J o u rn a l: Bough and F in is h  tu r n ,  scrape or g r in d ,
b u rn is h  (w ith  th re e  r o l l e r  b u rn is h e s ) .
W h ite  M e ta l: Bough and F in is h  B ore, Beaming and B o l l in g .
Lead B ro nze: Bough and F in is h  B ore , Beaming and H oning.
T in -b a s e  B ro n ze ; Bough a n d .F in is h  B ore , Beaming and 
Bough H oning, F in is h  Honing and M ir r o r  Honing.
The lu b r ic a n t  to  be used in  m achining -  a f r e e - f r o m -  
a c id  rape o i l .
The thanks o f  the  au th o r a re  due to  the  P ro fe s s o rs  
o f  th e  M echan ica l E n g in e e rin g  Departm ent o f  the  B oyal T e c h n ic a l 
C o lle g e , P ro fe s so rs  A .L . M ellanb y and Wm. K e r r , under whose 
s u p e rv is io n  the main p o r t io n  o f  the  work o f these in v e s t ig a t io n  
was c a r r ie d  o u t. Much o f the machine work was done by th e  
L a b o ra to ry  Mechanic: who p a t ie n t ly  endeavoured to  g iv e  th e  b e s t  
f in is h  p o s s ib le , and c a r e fu l ly  a t  a l l  tim es worked to  th e  
re q u ire d  c lose  l im i t s  o f m achin ing. To Messrs. C arlaw  L td .  
f o r  g iv in g  a r e p e t i t io n  o f  c a s tin g s  re q u ire d  to  s p e c if ic a t io n  
and f o r  t h e i r  rough m achining o f the  w h ite  m eta l and bronze
c a s tin g s  s u p p lie d , and to  Ferodo L td . and o th e r brake l in in g  
m a te r ia l,  m anufacturers  fo r  supply o f m a te r ia l the a u th o r* s
thanks  are  a ls o  te n d e re d ,  ~
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